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STEEL MAKERS 
ENGINEERS 


Drop Forgings from a few ounces to 1,300 Ib 
in weight are produced in modern plants 
including Double-Acting steam-powered 
Stamps of up to 25 tons capacity, 
mechanical high-speed Presses equipped 
with induction heating furnaces, and 
furnaces capable of heat-treating 
upwards of 600 tons of drop forgings 
per week. 


ENGLISH ST CORPORATION 


SHEFFIELD and, MANCHESTER 
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PROFILE GRINDING 
MACHINES 


A fifty-to-one drawing of the 
desired profile is mounted on the . ‘ 

drawing table of the machine, 

and is used in conjunction with 

the pantograph system, The increase output in t 
pantograph imparts a fifty-to- oss 

One reduction to its final arm in 


which is incorporated the pro- «f -(lat t lr m 
jection unit. 


Work is focussed under the 
microscope, and the tracing 
point of the pantograph moved 
3 along the drawn profile. The 

Pantograph H grinding wheel is fed manually 
M into the work and the exact 


progress of grinding can be 
epee followed in the field of the 
Grinding Wheel projection screen or microscope. 


i" These machines are currently used in the toolrooms of a host 
rd it of important aircraft, automobile, watchmaking and general 
engineering organisations for the production of profile gauges, 
form tools, press tools and many other highly precise aids to 
production. 

Operators and managements in these works fully appreciate the 
value of the Wickman Optical Profile Grinding Machine—‘‘The 
most helpful piece of equipment we’ve got,” says one—and 
another, ““We could ‘not produce our type of work without it.” 
We would like you to meet some of these users, we think they 
would convince you. Why not let us take you round, or send 
you fuller information. 


CIRCULAR FORM DIE GAUGE for Stator FLAT FORM TOOL 
TOOL Blade Tungsten Carbide Tip 
Grinding time 1} hours Gauge Steel From unshaped tip 
= 2) Grinding time 80 mins. 


WICKMAN of COVENTRY 


LONDON BRISTOL BIRMINGHAM MANCHESTER 
LEEDS GLASGOW NEWCASTLE ' BELFAST 


320 WMG 
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cleanest: 
worker in 
industr 


Gas is smokeless and dustless ,makes neither 


soot nor ash—consequently it is relied on in 


many places where almost surgical cleanli- 


ness must be observed. Since gas does not 


pollute the atmosphere, Mr. Therm has a 


clear conscience regarding fog. One of the 


unique advantages of gas is that it reaches 


full heat without any long warming up 


period. This, together with its economy, 


flexibility and cleanliness, explains why 


in factories all over the country, the most 


popular industrial worker is Mr. Therm. 


MR. THERM IN 
GENERAL ENGINEERING 


Among the great variety of 
uses of gas are : general heat 
treatment, flame hardening, 
annealing, tempering, case 
hardening, normalising, preheating, metal 
melting, core drying, forging, brazing, 
soldering, oxy-town gas cutting, steam- 
raising, water and space heating. 


Mr. Therm burns to serve you 


THE GAS COUNCIL + I GROSVENOR PLACE + LONDON * SWI 
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AUTOMATICS 


The 
No. 8 VERTICALAUTO 


Maximum Swing .. 143” dia. 
No. of Spindles .. 6 
No of Tooling Stations .. 5 


The No. 8 Verticalauto can be 
arranged for double indexing or 
dual control A wide range of 
standard attachments, consider- 
ably increasing the scope of the 
machine, is available. 


Built t 


RYDER SON, LTD. 


Selling Agents 


WICKMAN 
of 
COVENTRY 
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TURNER BRIDGE WORKS, BOLTON 
190 F18 
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135,000 
trouble-free 
miles 


A TALE OF 2 BEDFORDS 


Mr. G. Knowles, of Knowles (Transport) Ltd., 
11 Primrose Hill, Doddington, Cambs., writes: 


Dear Sirs, 

I feel you will be interested in the following 
report of my experience of the use of Shell X-100 
Motor Oil grades S.A.E.20 in winter and S.A.E.30 
in summer, in 5-ton Bedford Lorries. 

I have been using these grades in two of my 
Bedford Lorries since March, 1952, during which 
time they have been at regular work carrying 
7 tons of bricks per load. 


SHELL 


MOTOR OIL 


One has completed 69,000 miles and the other 
66,000 miles without any attention whatsoever, 
beyond normal maintenance, and at an extremely 
low consumption. 

I need hardly add that I am completely satisfied 


with the results obtained. Incidentally, my 
mechanic has never in all his experience seen 
engines so free from sludge and carbon deposits. 
Yours faithfully, 
per pro KNOWLES (TRANSPORT) LTD. 
G. KNOWLES (Signed) 


fights Acid Action 
and keeps your engine clean 
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“It’s a favourite’s race — who’d be a bookmaker!” 


**No takers ! The only ‘cert’ today is our good friends the twist drill specialists.” 


“Sshh! Don’t remind me — I’ve come for a day’s sport.” 
“So have | — but for M & C Service we'd be suffering a few headaches.” 


“True — didn’t realise their ‘service’ ran to taps, 
reamers, milling cutters and all small tools 


” 
! 


** Odds on — every time! They're off!!!” 


_—— BRITAIN’S FOREMOST DISTRIBUTORS MONKS & CRANE LTD 


THE TWIST DRILL SPECIALISTS 


HEAD OFFICE: 


STANHOPE STREET BIRMINGHAM Tel: CALthorpe 138! (5 lines) 


MANCHESTER OFFICE: LONDON OFFICE: GLASGOW OFFICE: 

MANCHESTER OLD ROAD 295 EUSTON ROAD 79; CROWN STRECT 
RHODES, MANCHESTER LONDON, N.W.I! GLASGOW, C¢.5 
Tel: Middleton 3654 (3 lines) Tel: EUSton 531i! (3 tines) Tel: South 2907 (3 tines) 
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GEAR HOBBING MACHINES— 


For cutting splined shafts, spur, helical and worm gears. 


Maximum work diameter ... 203” 27’ 
Maximum work diameter with outer support 

Maximum pitch _... 4 D.P. 24 D.P 
Minimum number of teeth 6 6 


Approximate weight 


SPECIAL FEATURES 

@ Equally efficient for small batch 
or large-scale production of 
accurate components. 

@ Automatic stops for sizing 
purposes. 

@ Tangential feed to cross slide. 

@ Independent rotation of hob 
spindle and work table for special 
types of work if required. 


Sole Agents 


521/SMT 72 
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se IMMEDIATE DELIVERY FROM OUR LONDON SHOWROOMS 
The Selson Machine Too 
CUNARD WORKS, CHASI NORTH ACTON, LONDON, Nw.io 
Telephone: Elgar 4000 ( Tel s: Selsomachi, London 
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FILTERS & STRAINERS 


is our business to know all 
there is to know about Gaskets 
Filters and Strainers and to put 
hat knowledge in 


LLANFOIST: WORKS, 


elephone : Abergave 
ERPOOL 


RO 


Cogent 
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THIS was the answer- 


Good clean finish and pressure tightness 
are essential for the filter heads of these well- 
known Oil Filters. John Dale Aluminium Alloy 
Gravity Die Castings have achieved these results. 


Consult JOHN DALE Limited 


about Aluminium Alloy Gravity Die Castings 


JOHN DALE LTD. (DEPT. TS.3), LONDON COLNEY, ST. ALBANS, HERTS. Telephone : Bowmansgreen 226¢ 
reyds 51/5} 
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TRANSMISSION CONSIDERATIONS 4 


As we have seen, the transmission fault known as judder 
produces more or less violent fluctuations of the driving torque. 
Consequently it imparts to the vehicle a jerky motion that is 
undesirable. 


Transmission rattle (or chatter as it is sometimes called) is also 
concerned with cyclic fluctuations. In this case, however, the 
frequency is much higher. Generally, the driving torque is not 
seriously affected and the principal objections to rattle are the 
noise, the vibration and, sometimes, the wear or damage caused 
by reversals of load at various clearances in the transmission 
system. Further, although judder is practically confined to the 
bottom range of road speeds, rattle can occur in one form or 
another at any speed. 


Any elastic body (and this term includes every metal 
component) has a natural frequency at which it will vibrate if 
suitable disturbing force is applied to it. Whether the vibration 
persists or dies will depend mainly on two factors. Additions of 


180 
CRANK ANGLE 


energy (as by repetitions of the disturbing force) cause a 
vibration to persist. Contrariwise, absorption of energy (as by 
some form of friction) causes a vibration to die. 

In general, it is true that complete absence of friction or other 
opposition would permit vibration, once it is established, to 
continue indefinitely. In practice, some friction always exists 
and therefore every vibration will die unless it is refreshed by 
additions of energy. 


Perhaps those words ‘friction or other opposition” require 
further attention. If force is applied in the opposite direction to 
the motion of vibration at the relevant instant, then the vibration 
will not be aided but will be resisted. It will therefore decrease. 


To return to our immediate subject, a transmission system 
includes several components with natural frequencies that are 
liable to be excited by the conditions under which those 
components operate. A piston engine inevitably develops a 
torque that fluctuates through each revolution of its crankshaft. 
These fluctuations may be reduced by increasing the number of 


cylinders or the weight of the flywheel but they cannot be 
eliminated completely. They constitute disturbing forces applied 
repetitively to every part of the transmission system. If they 
occur at a rate which ‘nicks’ with the natural frequency of 
some part, the latter will promptly respond by vibrating more 
or less violently. This vibration may be transverse (as in a 
tuning fork) but it may equally well be torsional. 

Any shaft is apt to vibrate torsionally. Thus the normal 
operation of the engine at some speed or other may cause 
vibration in the propeller shaft, for instance, or in a gearbox 
shaft. 


alternating loads at such places as splines or dog clutches or 


This may produce rattle by causing fluctuating or 


between the engaged teeth of gears. 


In these places there must be some clearance. And even if the 
original design can be tightened somewhat in this respect, the 
result may be the reverse of what is sought. Depending upon 
the amplitude of the vibration, a reduction of clearance may 
permit contact between the back or idle faces and thus there 
may be more rattle instead of less. 


So a cure will rarely be made in that way. Much more hope 
is to be found in two other lines of attack. One is to alter the 
natural frequency of the offending component so that it lies 
outside the normal speed range of the vehicle. The other is to 
devise some way of automatically killing the vibration whenever 
it occurs. Two basic methods offer themselves to achieve this 
last effect. 

First, however, there is more to be said about alteration of 
the natural frequency. Broadly, this will fall if the effective mass 
of the vibrating part is enlarged but it will rise if that part is 
made stiffer. This introduces obvious complications. Although a 
shaft may be stiffened by increasing its diameter, this also 
increases its mass. Fortunately neither effect is directly 
proportional to the diameter. 

As to smothering the vibration at birth, the torsional vibration 
damper is a comparatively familiar unit. It consists, in effect, of 
a little Aywheel attached to the shaft so as to permit some 
relative angular movement between the two while providing 
frictional or other resistance to that movement. Most modern car 
clutches embody something of the sort at the centre of the driven 
plate. In this case the resistance force is partly frictional. Some 
engine crankshafts have torsional dampers in which a small 
flywheel at the front end of the shaft is driven through a damper, 
sometimes having friction plates but often of bonded rubber. 
Since the inertia of the damper flywheel tends to maintain a steady 
speed, while the crankshaft speed is irregular relative motion 
takes place but is damped by the plates or the internal friction 
in the rubber. 


A similar device could be fitted to a propeller shaft. Indeed 
it is probable that some forms of flexible coupling combine 
much the same effect with their principal and more obvious 
function. 


REGO TRADE MARK 
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Causes of over- and under-steer: 5. Car properties (b) 


This diagram explains the weight transference mentioned in the text. The roll centre does not, of course, 
have to be at the centre of the axle. 


AVING grasped the basic idea that the sprung part of 

the car is hinged about an axis passing through the roll 
centres of the front and rear suspensions, and that for any 
given sideways acceleration of the car on a corner there is a 
corresponding roll angle, depending on the sideways force 
at the c.g. (the sprung mass * sideways acceleration as a 
proportion of ¢), the moment arm of that force about the 
roll axis and the sum of the anti-roll stiffnesses of the two 
suspensions, it is fairly easy to see that the rolling couple 
about the roll axis is divided out between the two ends of the 
car in the proportions of the roll stiffnesses of the front and 
rear suspensions. The knowledge of the amount of the roll 
couple about the roll axis at either front or rear, plus the 
wheel track, allows us to work out how much load is 
transferred from the inside to the outside wheel on a corner 
because of this. 

But this is only half the story: the sideways force at the 
c.g. as a car corners may, we know, be replaced by the same 
sideways force at the roll axis plus a couple about that roll 
axis. Simple moments will tell us how much of that sideways 
force is taken at the front and rear pivot points of the 
suspensions. From the point of view of loads carried by the 
two wheels of each suspension we can regard that suspension 
purely as an isosceles triangular structure whose base is the 
wheel track and the height of whose apex is the height of the 
roll axis there. At the apex is applied a torque and a resultant 
force consisting of the vertical load and the sideways force 
due to the sideways acceleration. The vertical reactions at 
each of the extremities of the base of the triangle are calcul- 
able using the laws of simple mechanics. If at any one end of 
the car the weight carried is W, the proportion of the rolling 


couple about the roll axis is M for a sideways acceleration 
a, and the height of the roll axis there is 4, the wheel track 
being 7, then the reaction at the outer wheel is W, plus M 

2 


due to the share of rolling moment, plus Wah due to the 


sideways force moment. Similarly the load carried by the 
inner wheel is W minus M minus Wah and the weight 
2 T 
transference is M plus Wah or —-M + Wah. 
T 


The implications of this are worth studying for a short 
time at least. If the roll centre is on the ground (which is true 
for a great number of independent front suspensions) then 
the weight transference is only that due to the anti-roll 
stiffness of the suspension. If the roll centre is high above 
the ground (as in the case of most rear axles, and even more 
so for swinging half-axles as a form of independent suspen- 
sion) then the weight transference is very considerably more 
than that due to anti-roll stiffness alone (and may possibly 
be twice as much). If we wanted to get anywhere near equal 
weight transferences front and rear for a car with such 
characteristics, then a front anti-roll rod of considerable 
stiffness would be required. This explains the popularity of 
front anti-roll rods with I.F.S., and the desirability of raising 
the roll centre of an I.F.S. above the ground (since by doing 
so we reduce the roll angle). 

This completes the story of weight transference from the 
inside to the outside wheels of a car on a corner, and if we 
stop to reflect gives us some idea of how that weight trans- 
ference can be altered if necessary or desirable. 


Thompson 
Self-adjusting 


STEERING ROD ASSEMBLY 


AUTOMOTIVE 


PRODUCTS COMPANY LIMITED, 


LEAMINGTON SPA, ENGLAND 


| 
REACTION 
REACTION -REACTI 
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Specially blended to give 


MAXIMUM 
ENGINE PERFORMANCE 


CLEVECOL SPECIAL is blended to produce the highest engine 


performance—greater power, more mileage, faster and smoother acceleration, and a 


lot more pleasure in driving! Clevecol Special is far superior to 


any petrol previously marketed. 


The Super quality Petfol distributed by 


CLEVELAN 


THE SPECIALISTS IN 


MOTOR SPIRITS 


CLEVELAND BENZOLE MIXTURE 
is a most excellent blend for smooth running and extra miles per gallon. 


CLEVELAND GUARANTEED 
the well-known general purpose spirit is superb value for engines which do not 
demand a premium grade. 
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RTSC Home Sales Limited 


Home Sales Organisation for the 


the 


MILD STEEL FLAT ROLLED PRODUCTS 
of 
RICHARD THOMAS & BALDWINS LIMITED 


and 


THE STEEL COMPANY OF WALES LIMITED 


comprising 

Sheets (Uncoated and galvanised) Welsh Charcoal Tinplate 
Coils Tinned Sheets 
Plates (-1181” to -75”) Ternecoated Sheets 

Lead Coated Sheets 
Tinplate 

Terneplate 

Staffordshire Heavily 
Coated Tinplate Blackplate 


Enquiries should be addressed to:— 


RTSC Home Sales Limited 
47 Park Street London WI 


Telegraphic Address : ‘‘ Homerold’’ Audley London Telephone: Mayfair 8432 
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The claim that ‘WARDS 
MIGHT HAVE IT’ has never 
been lightly made: it is 
essentially a phrase symbol- 
ising the comprehensive 
service which the WARD 
ORGANISATION strives to 
provide—a service which in- 
evitably expands its sphere 
of operations as it endeavours 
to satisfy new demands. 


It is indeed good business to 
remember that ‘Wards might 
have it’, and to bear in mind 
that the range of service in- 
cludes not only the products 
of subsidiary companies here 
listed, but an infinitely wider 
range from other units of the 
Group including :— 


IRON, STEEL and NON-FERROUS 
METALS: MACHINERY and POWER 
PLANT: RAILS and SIDINGS: EX- 
CAVATORS & CRANES: TRACTORS 
and EARTHMOVING EQUIPMENT: 
STRUCTURAL STEELWORK: 
FOUNDRY PLANT and SUPPLIES: 
BOILERS, TANKS and CHEMICAL 
PLANT: ELECTRICAL EQUIPMENT: 
ENGINEERS’ SMALL TOOLS: CON- 
TRACTORS’ PLANT and TOOLS: 
CEMENT, GRANITE and FREESTONE: 
ROADS and ROAD MATERIALS. 


GEORGE COOPER & SONS 
TINSLEY, SHEFFIELD 


NUTS, BOLTS, STUDS and 
FASTENINGS 


RAILWAY 
LANT FOUNDRY CO., LTD. 


RAILWAY SWITCHES and 
CROSSINGS 


DICKS ASBESTOS and for Le 

INSULATING CO., LTD. 

pn 
INEERING ASBESTOS PORTLAND CEMENTS 


MIDLAND IRON CO., LTD. 
ROTHERHAM 
WROUGHT IRON and STEEL 


LOW MOOR BEST YORKSHIRE 
IRON LTD. 


WROUGHT IRON BARS, 
SECTIONS, PLATES and SHEETS 


SHAP GRANITE CO., LTD. | | JOHN SMITH (KEIGHLEY) LTD. 
OVERHEAD and DERRICK 

GRANITE and PRE-CAST CRANES: STONE WORKING 

CONCRETE PRODUCTS MACHINERY 


THOMAS SMITH & SONS | j WIDNES FOUNDRY 
(RODLEY) LTD. ENGINEERING CO., iD. 


CRANES and ___ UNIVERSAL SPECIALISED CASTINGS and 
EXCAVATORS 1 r FABRICATION 


WOODHOUSE & MITCHELL 


MACHINE TOO wooo. 
WORKING MACHINERY 


JOHN WILLIAMS (Wishaw) LTD. ] 
WISHAW, LANARKSHIRE 


WIRE and WIRE PRODUCTS 


THO? WARD LIMITED 


ALBION WORKS - SHEFFPE 


= ‘TELEPHONE: 26311 (22 Lines) 
LONDON OFFICE: BRETTENHAM HOUSE - LANCASTER PLACE 
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For Springs 


and 
Presswork 
Let 


SALTER 


EST. 1760 


serve you 


Most engineers agree that there are no 
better people to go to for the precision, 
consistency and dependability that mean 
so much towards keeping production lines 
running at top speed. 

Write for free copy of the Salter Spring 
Handbook—it's full of useful information. 


SEE US AT THE MOTOR SHOW, OCT. 2!Ist.—3 Ist. 
STAND No. 436, AVENUE O, FIRST FLOOR 


GEO. SALTER & CO. LTD., WEST BROMWICH 
M-W.356 
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ENITHsS choose HARPER CASTINGS 


Harpers supply the grey iron body 
castings for the Zenith Stromberg type 
carburetter which is fitted to such 
famous cars as the Humber, Sunbeam- 
Talbot and Austin Sheerline. 

The requirements are consistent 
accuracy, freedom from _ porosity or 
defect, strength and high surface finish 
—all found in Harper Castings. 


Harper quality covers iron cast- ARI F A 


ings, and also metal pressings, 
machining, enamelling and other 
finishes and sub-assembly work. 
JOHN HARPER & CO. LTD. JOHN HARPER (MEEHANITE) LTD. 
ALBION WORKS Phone: WILLENHALL 124(5 lines) Grams: HARPERS, WILLENHALL WILLENHALL 


“omen RS LONDON OFFICE: SEAFORTH PLACE, 57, BUCKINGHAM GATE, LONDON S.W.1_ Tel.: TATE GALLERY 0286 
M. 389. 
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GIRLIN 


to keep every type of 
commercial and passenger transport 
vehicle 


hag Out Ahead 


BIRMINGHAM I! 
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BEST BRAKES THE WORE 


No. 8 PREOPTIVE COMBINATION TURRET LATHE 
SWING OVER BED COVERS 20” HOLE THROUGH SPINDLE 33” 


POWER SPEED ACCURACY CONVENIENCE DURABILITY 


Spindle runs on roller bearings, which with the hardened bed 
preserves accuracy of alignment. 


Preoptive head provides 16 speeds, any one of which, forward or 
reverse, is obtained instantly without stopping the spindle. 


Feeds to saddle and turret slide are entirely independent. 


Chasing mechanism cuts three pitches right or left hand with each leader. 


Quick-power motion to turret slide in either direction. 
Automatic lubrication to head. 


Hand, air or electrically-operated chuck. 


FULL PARTICULARS ON REQUEST FROM HEAD WORKS 
"PHONE: 88781 (12 lines) 


ALFRED HERBERT LTD * COVENTRY 
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LONG MEADOW FELT COMPANY, 


WHY ISA 
CARD-PLAYER 
LIKE A 
CRAFTSMAN? 


ow ANSWER’S SIMPLE : they both use FELT. From card table covers to engine gaskets, 


this versatile material has a hundred-and-one uses, 
At Long Meadow Mill we make nearly all kinds of felt—from coarsest to superfine— 
including felt for all Government specifications. And we are proud to add that over 
10,000 sq. yards of Meadowfelt were specially chosen in selected shades to carpet a large 
part of Westminster Abbey during the Coronation ceremony. 

We can give quick delivery, in the piece or expertly cut. May we send you a sample 


of the kind of Meadowfelt you need? Write to us today. 


IF YOU USE FELT... YOU WANT MEADOWFELT 


KIDDERMINSTER—THE FELT DIVISION OF CARPET TRADES LTD 
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QUICK DELIVERY 


Steel sheets : Cold-reduced 
Hot-rolled 
Galvanized or black 


Also mild steel plates 
up to and including tin. 


SHEARED TO YOUR SIZES 
If you 
would like to have 
it regularly, kindly 
. dropa card to our 
nearest branch. 


e 
ole © 
Tele igpenceriah a Road, 
Nr. and 188 
U OUR STOCK LIS 


Bearing on 
mechanical 
efficiency 


STAND 392 


The smooth, trouble-free running of machines depends largely on the bearings used. 
i TT Compo oil retaining bearings are made from powdered metals and have a porous 
structure which enables them to be charged with oil. Each bearing is therefore its own 


self-lubricated unit and maintains a film of oil between bearing and shaft whatever the speed or load. This 


is highly important in those applications 


where periodic lubfication is unlikely, or 
difficult to achieve. The close tolerance 
finish of Compo eliminates machining or 


other treatment prior to fitting and ensures 
the highest standard of mechanical effi- 


ciency. May we tell you more about them? R N 


* BOUND BROOK BEARINGS LTD., are also specialists in the fabrication 
of sintered components by the powder metallurgy process 


j 
i 


BOUND BROOK BEARINGS LTD., TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS 
Telephone: Lichfield 2027-2028 (A Birfield Company) Telegrams: Boundless, Lichfield 
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COMPARATOR PLUG GAUGES 


1}"-6” for through bores | Alternative measuring 
1 for blind bores _f ranges .0025" or .0060” 


ould most certainly be Ain. 


bores, jew 

INDICATING GAUGES aad thee 
RATED eed 
SOLER, 


naturally designed and 
Two types are available for voc production 


SCOMTACT amd NON-CONT) 
Gives readings independ 
in size of part comp: 
goves feadings wh ore accurate, 
and highly magnified, 
tion of bores for ovalicy end 


oF 
ihe Operator, 
te only sine 


ow? 
h saves time, 


feplacement costsand operate: 


No jamming, no operator skill, no uncertainty on 
near limit parts, no mechanism for 


amplification of readings. 


Alternative measuring ranges (and magnifications) 
obtained merely by a change of control jet. 


e 


Ovality and taper instantly measured, no need 


for maxi and mini masters. 


Standard comparator body can be adapted to plug 
shells and contact rods ground for all 


sizes shown above. 


JET PLUG GAUGES 


#,”-6" for through bores ) Alternative measuring 
-6” for blind bores 


(ranges .0007” to .0040” 


No need to clean parts before measurement, 
designed for use on the machine during 


machining. 


No jamming, no operator skill, no uncertainty on 
near limit parts, no mechanism for amplifying 


readings. 


Various designs of plugs give varying range and 
magnification—each with a standard size 
control jet. 


e 


Ovality and taper instantly shown—no need for 


maxi and mini masters. 


Non-contact measurement suitable for thin-walled 
parts or delicate surfaces. Small bores down 
to measurable, 


Recessed jets give long wear life; original cost 
repaid many times. 


Full details are in our Catalogue EF, sent on request. 


rave. the pmaeasure o 


i Road, London, Wa Chiswick 43: 5. 
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Bearings of oven cars, kiln cars, lehr conveyors and all equipment 
subject to high temperatures can be properly lubricated 

only with ‘dag’ colloidal graphite. 

A thin, durable layer, obtained on almost any surface by simple 
application of a ‘dag’ dispersion, provides effective lubrication 

up to and above 1000 C. 

No sticking, no fumes, no coking you cannot afford to ignore 
this important, up-to-date, high temperature lubricant. 


- Act NOW. today for full technical 


# information available free from:— 


1/ACHESON COLLOIDS LIMITED 


18 PALL MALL, LONDON, S.W.1. 
Grams: OILDAG, Piccy, LONDON DISPERSIONS 


Phone: WHtehall 2034/7 
also ACHESON COLLOIDS COMPANY, Port Huron, Mich., U.S.A. 
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many variants but 


few have departed SO boldly 


TWO ULTRA-DUTY BUSHES ARE FITTED 


from the now-conventional 
wishbone as the Ford design. This 
takes the fullest advantage of 
modern rubber engineering and 


utilizes Metalastik Ultra - Duty 


bushes and Bonded-Cone bushes. 
These, with a sustained behaviour 
unequalled by any other bushes, 
are used at all three critical 


points controlling the front-end 


geometry, resulting in handling 


properties that evoke warm praise. 


METALASTIK LTD., LEICESTER 


f 


: 
ALSO_TWO PAIRS OF BONDED-CONE 
AND TWO PAIRS OF BONDED-CONE 
: 
— 


This new AC partial-flow oil filter with replaceable element meets 
the increasing demand for a filter that can be removed for inspec- 
tion and replaced every 8/10,000 miles. It provides a permanent 
» installation for coupling into a by-pass oil supply system and _ the 


filtering element can be replaced without disturbing pipe connec- 


tions. Sump oil is filtered on an average of ten times an hour. This 


: means less motor wear and longer motor life — the objective of 


: every motor manufacturer. 


AIR CLEANERS AIR SILENCERS CRANKCASE 
BREATHERS CAR HEATERS FUEL PUMPS 
SPEEDOMETERS GAUGES INSTRUMENT PANELS 
OIL FILTERS THERMOSTATS SPARK PLUGS 


WINDSCREEN WIPERS - DIE CASTING 


AC-DELCO DIVISION OF GENERAL 


We'll gladly help when you plan a new design or modify an existing one. Write to: MOTORS LTD., DUNSTABLE, BEDS. 


AC Technical Bureau, 54 The Butts, Coventry; or ‘phone Coventry 61747. and Southampton, Hants. 
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E | RE-INFORCED PLASTICS | PLASTIC 


The illustrations show a sectioned 


gear blank and the finished spur gear 


= 
: 
Motors Limited 
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The man whos one jump ahead specities 


TOLEDO WOODHEAD SPRINGS 


the name hal yoringe mind / 


TOLEDO WOODHEAD SPRINGS LIMITED * SHEFFIELD 3 
TWS.58 
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These adaptable materials can be 
die-cut, chiselled, punched, machined 
and even ground. Test Bury Felts for 

yourself in filters, seals, washers, 
gaskets, buffing rollers, shock 
absorbing mountings, cushionings 
—or in any of the hundreds of other 


different ways they can be used. 


BURY 


Before it reaches you, Bury Felt goes 


through a tough testing period in the 


Bury Felt Laboratory to make sure 

it will measure up to precise standards 
of behaviour under particular stress. 
This ensures that Bury Industrial Felts 
will work with lasting efficiency on 


whatever job they have to do. 


Send your enquiries to: 


BURY FELT MANUFACTURING CO. LTD. 
HUDCAR MILLS - BURY ~ LANCS. Phone BURY 2262 (6 lines) 


or to the London Office: 


3 SNOW HILL, E.C.1 


Telephone CENtral 4448 
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the new features of 


present their 
fuel pumps in detail 


NEW method of adjustment simplifies 
calibration and reduces backlash. 


Here is the answer to simple calibrating adjust- 
ment. Slacken the square-headed setscrew, move the 
control fork slightly to left or right on the square section 
control rod, and retighten. 


SEER. 


The lower part of the control fork engages the arm on 
the plunger at an ample radius from plunger axis. 
Clearance or wear at this point has little effect on 
calibration due to the large effective radius. Wear and 
backlash can only develop at one point instead of two on 
conventional rack and pinion mechanism. 


STAND NUMBER 245, INTERNATIONAL MOTOR SHOW 


FUEL INJECTION 
LIGHTING & STARTING EQUIPMENT 


SIMMS MOTOR UNITS LTD~+ OAK LANE ~ EAST FINCHLEY LONDON: N2 
Telegrams: SIMOTUNIT, EASTFINCH, LONDON 


Telephone, FINCHLEY 2262 (20 tines) Smees 3555 
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rapidly approaching 


the leading position 


Technical Enquiries: 99 Pinstone St. Sheffield 1 
Registered Office: 2-3 Crosby Square, London E.C.3 
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Now WE'RE GETTING tupes 


Production up, rejections down. That’s the 
result of using tubes you can really rely on. 
When you’ve checked one length of Tru-Wel 
E.R.W. you’ve checked the lot; and the same 
applies to manipulated components. 


Tru-Wel Electrically Resistance 
Welded Steel Tubes 
Supplied in straight lengths 
from 4” od to 4%” od in 
gauges 22 to 6, or manipulated 
to your special requirements. 
Also available in a range of 

standard sections. 


Tru-Wel Stainless Stee! Tubes 


In straight lengths from 4” 
o/d to 2” o/d in gauges 20 to 
12 or manipulated to measure, 
are made fromm most Aus- 
tenitic Nickel Chrome Steels, 
and some Ferritic Nickel-free 
steels. 


Identical in strength, lightness, concentricity 
and composition — they will get rid of a lot 
of your assembly troubles, whether you make 
ships or shooting brakes, tricycles or 


transformers. 


TUBE PRODUCTS LIMITED, OLDBURY, BIRMINGHAM 


32 
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"DISTRIBUTORS OF MATERIAL FOREIGN & COLONIAL 
IN BULK FOR GT. BRITAIN ENQUIRIES TO 


_ J. A. NORDBERG LTD. H. JACKSON LTD. 


ay 


171, QUEEN VICTORIA STREET, Oc Pes OAKENCLOUGH, GARSTANG. 


bology oped up by the advent of the guided missile, 
s with long experience are specifying Unbrako Sock 
because of their xtra toughness and precision. 


UNBRAKO SOCKET SCREW co. LTD: COVENTRY: ENGLAND 


Manulacturers ol Unbrako standard socket serews and special screws to ALD. requirements Please send us your enquines. 
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ACCURATE SPEED CONTROL 


The static friction which hampers the sensitivity of so many types of governor is 
eliminated in the Iso-Speedic governor by the use of flybobs consisting of hardened 
steel balls running on ground steel tracks. 

As a result, Iso-Speedic governors can be supplied which give control within 0.3 
per cent and are used on generators for radar and television. 

Other Iso-Speedic governors are available where a lower degree of accuracy is 
sufficient. Iso-Speedic governors are used on diesel engines and petrol engines 
and are available for other speed control applications. 


The services of our engineers are at your disposal. 


-Speedic 


CP9H 


A CYC\¢C TOOLS IN THE SERVICE OF THE AUTOMOBILE INDUSTRY 


Hicycle tools should not be confused with ordinary 50-cycle electric tools. 
Operating instead on 200 cycles they develop a motor speed which is sus- 
tained under all operating loads. This means measurably more work in a 
shorter period, and although possessing the toughness of air tools their 
operating costs are considerably lower. Moreover, Hicycle tools are safe, 
only 125 volts or 72 volts to earth. 

Hicycle is accepted as THE modern production system wherever drilling, 
reaming, tapping and grinding operations are carried out on any scale. In 
fact, Hicycle should be investigated wherever there are more than two or 
three power tools in use. 

Automobile construction is one of the many industries in which Hicycle has 
proved its power to increase output and lower costs. Write for publication 
S.P.354 as a first step to increasing the efficiency of your production. 


FOR THE RIGHT APPROACH . . . THE RIGHT EQUIPMENT 


cauin Consolidated 


CONSOLIDATED PNEUMATIC TOOL CO. LTD + LONDON & FRASERBURGH 


Reg. Offices: 232 Dawes Road, London, S.W.6 Offices at Glasgow Newcastle Manchester Birmingham Leeds Bridgend Belfast 
Dublin Joh burg Bombay Melbourne Paris Rotterdam Brussels ° Milan and principal cities throughout the World 
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“DO_YOUR FILTERS ANSWER 
mf, EVERY ESSENTIAL 
REQUIREMENT? 


FILTERING ALL THE OIL ALL THE TIME 


Only a full flow filter can give real engine protection. This fact is 
today almost universally acknowledged—yet even a so-called full 
flow filter must match up to all these requirements :— 


FILTRATION IN DEPTH 


The VOKES element filters not only on the surface plane but, to a 
certain predetermined extent, into the depth of the felt fabric itself. 
This gives much greater efficiency in arresting a// particles large 
enough to cause damage or wear and, eve more important, 
ensures a build-up of sludge much slower than would be the case 
with an element providing surface filtration only. 


CLEANABLE ELEMENTS 


The policy of expendable elements may be satisfactory if spares are 
always available, but what happens if a machine in some remote 
place is prevented from working because no spares are available ? 
VOKES filter elements can always be cleaned—a feature which 
ensures economy in the long run. 


NON-RECIRCULATION OF TRAPPED SLUDGE 


In the VOKES Principle, filtration is from the INSIDE to the 
OUTSIDE, which means that all the sludge is trapped in the centre 
of the filter element and cannot in any circumstances be recirculated. 


Yes! . . . in thirty years, nothing has been found to improve on 
the basic principles of VOKES filtration for all-round efficiency. 


VOKES LIMITED + GUILDFORD +: SURREY 
VOKES (CANADA) LTD., Toronto. Represented throughout the World. VOKES AUSTRALIA PTY., LTD., Sydney 
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Above are typical lorry body assemblies using ‘Kynal’ aluminium alloy extrusions. 


Strength, lightness, durability, cleanliness, low The Technical Service and Development Depart- 
maintenance costs — all these advantages can be ments of I.C.I. Metals Division will be pleased 
derived from the use of ‘Kynal’ aluminium alloys to advise on all problems relating to the 
in road transport construction. application of I.C.I. aluminium alloys. 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.I 


M.278 
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Whatever 


there’s a 


flexible pipe 
to carry it through 


Dunlop technicians will always advise on any problems concerning installation of flexible piping. Write please to:— 
DUNLOP RUBBER COMPANY LIMITED ST GEORGE'S ROAD « COVENTRY « TELEPHONE: COVENTRY 64171 


an/ 908 
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Two cond... 


A sight for sore eyes, a balm to sore throats, a refresher to flagging ideas—it depends on how 
and when you look at them. These two finely designed travelling bars are made by Wilsdon of 
Solihull, Warwickshire in conjunction with Rootes Ltd., Birmingham. They are made in— 
and made possible by T.I. Aluminium Alloys. Exceptionally light, strong, weatherproof 
and easily manipulated, T.I1. Aluminium Alloys are apt to turn up wherever a good 

idea needs a good material to help it along to its destination. 
It’s a real part of our policy to join in research work at 
any stage when our collaboration may get things 
moving. Take us at our word, and see. 


{ T. I. ALUMINIUM LIMITED, TYSELEY, BIRMINGHAM. 
a Telephone ; ACOCKS GREEN 3333 ALUMINIUM AND ALUMINIUM ALLOY INGOT, SLAB 
BILLETS, SHEET, STRIP, TUBES & EXTRUSIONS TO ALL COMMERCIAL, A.I.D. & LLOYD'S SPECIFICATIONS 


- EAM PERFEC 


COMPANY 
{ 
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5 and 10-speed 
gear-boxes 


The top illustration shows the Fuller 
l0-speed gear-box, comprising the 
famous five-speed box with 
a Fuller two-speed auxiliary 
box built on to it, thus pro- 
viding a ten-speed box for 


heavy-duty operation on large trucks. 


This unit is to the usual Fuller stand- 
ard of high-duty, with all forward 
gears helical, and all changes, includ- 
ing reverse, by dog-clutches. On 
both of these boxes the gears are 
shot-peened and crown-shaved, to avoid stress concentration. 


The lower illustration shows the Fuller 5-speed gear-box. Every gear 
is helical and engaged by dog-clutches and to reduce shaft deflection 
to a minimum the mainshaft is supported on three bearings, and the 
layshaft kept short, making one of the highest-duty gear-boxes ever 
produced. 


Exclusive European Representatives 
AUTOMOTIVE PRODUCTS COMPANY LTDO., 
Brock House, Langham Street, London, W.1, England 

Telephone : Langham 2527 


: 
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BIMETALLIC BONDED INSERT PISTONS 


© ELIMINATE RING AND PISTON BREAKAGE 
@ MAKE GROOVE ZONE WEAR NEGLIGIBLE 
@ SAVE COSTLY LAY-UP TIME 


a, © ADD THOUSANDS OF HOURS OF 
AK EFFECTIVE RUNNING 


} 
| | SS 
> 
4 
‘THE CHOICE OF THE EXPERT’ 
a For literature on the AL-FIN Bonded Piston, please write to WELLWORTHY LIMITED, LYMINGTON, HANTS 
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SMITHS 


Hydraulics 
take the load 
off your hands 


Smiths Hydraulics are used in the Lansing 
Bagnall “PF” Truck to raise weights up 
to 1 ton to a maximum height of 10’ 10” 
and to tilt the load to a safe angle during 
transportation. This is a typical instance 
of the use of Smiths Hydraulics to provide 
effortless power and perfect, safe control 
for the mechanical handling and stacking 
of materials. Smiths Hydraulics are also 
used on private, passenger and commercial 
vehicles, contractors’ plant, garage 


equipment, agricultural machinery, etc., ete. 


SMITHS JACKING SYSTEMS LIMITED 


A Company of the Motor Accessory Division of S. Smith & Sons (England) Lad. 
JACKALL WORKS, EDGWARE ROAD, LONDON, N.W.2 Telephone : GLADSTONE 6671-4 
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strength and durability 

choice for many auton: ane 

established for engine che vantages? 

castings, aluminiom is bec increasingly impo: 

wider application \We shell be glade give, without obliza- 
unit and chassis: for dn: Hon, specific advlee Om application of 
connecting-rods, Nora! alloys. 

brake shoes and bumpers many 

components pressed ffom Northern Aluminium 
Few of these applications ar« but in =. 

the past they have generally been found 

only where performance and «cliability 


MAKERS OF NORAL SHEET. STRIP © SECTIONS, TUBING, WIRE, FORGINGS, CASTINGS, ALPASTE FOR PAINT a 
DEVELOPMENT DIVISION: BANBURY, OXON “CES: LONDON, BIRMINGHAM, MANCHESTER, SRISTOL, ‘NEWCASTLE-ON-TYNE, LEED! 
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RECO. TRADE MARK 


THE CACO SEAL 


British Patent No. 479743 


The Scientifically Designed Oil Seal for Rotary Shafts. A Gaco Product. 


pret Spring Retention, 
e Large Face Angle brings Sealing Edge well 
below spring. 
©} Knife edge Contact at Sealing Potat. 


Point stiffened against local deformation 
by large included angle. A 


load. 


Shaft angle gives adequate clearance. 
Flexible Web. 
8) Gaco Skin affords better fluid tight fit in’ 
Housing. 


“HAIRLINE” LIP CONTACT! 


ANGUS OIL SEALS 


GEORGE ANGUS & [TD 


FLUID SEALING ENGINEERS 
NEWCASTLE UPON TYNE, 6 
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You can lay hands on all kinds at Walker's. And 
quickly, too! Whatever size of job or the quantity 
needed you can rely on Walker's to have the very 
widest selection of high-grade tools. 

A ‘phone call to one of our experts will bring you 
helpful advice, without obligation, if you are not quite 
certain of the most efficient tool for a_ particular 
operation. 

At Walker’s we're equipped with the right tools— 
to solve your problems. 


WOU CAN GET THEM ALE 


Complete London stocks include : 

Portable Electric Drills and Woodworking Equipment, 
Twist Drills, Reamers, Files, Hacksaw Blades and Frames, 
Stocks and Dies, Hammers, Chisels, Vices, Milling Cutters, 
Screwdrivers, Planes, Saws, Spokeshaves, Hand and Breast 
Drills, Oil Cans, Blow Lamps, Auger Bits, Rules and Tapes, 
Drill Chucks, Spanners, Bolt Croppers, Set Squares, 
Levels, etc., etc. 


M.W.WALKER & STAFF LTD 
ENGINEERS MERCHANTS 
IBEX HOUSE MINORIES LONDON: 


‘Phone: ROYal 8191 (lOlines) ‘Grams: Makerlaw, Fen, London 


MIDDLE EAST BRANCH — BAHRAIN PERSIAN GULF 
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Depots and Service Agents 
in over 100 Countries 


LIMITED 


Diese! engines are basically simple 
and robust, but long life and trouble- 
free service depend on proper main- 
tenance schedules. To provide world- 
wide service for fuel injection equip- 
ment, C.A.V. have established a net- 
work of depots and service agents in 
which fully trained mechanics using 
special equipment and test apparatus 
maintain C.A.V. products at the high 
standard of efficiency set by the manu- 
facturers. In Great Britain alone 
there are over 120 of these depots, 
whilst similar facilities are provided 
in over 100 countries overseas. 


174-617 
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the same Geet Ga 
FULL SERVIC EGP 
e wo 3 
GAM. fuel Injection and Electrical Equipment | 
Fuel Injection and Clectric | 
LIMITED, ACTON, LONDON, 5 
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s. Refined technically and — 

new BS.A. No. 4 centreless grinding 
nted with a confidence in 
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Cc Capacity to 3” (1.59 76.2 mm.) d 
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Syndrom ie 


Automatic 
Lubrication 
soon pays 
for itself! 


KZ 


‘INCREASES YOUR PAYLOADS 10% 


From the moment you equip your vehicle with ‘ Syndromic *’ Lubrica- 
tion it begins to pay for itself! First, it saves up to 75°, on lubrication 
costs. Then, it ensures less wear on bearings because it automatically 
lubricates up to 80 bearings (using 2 pumps) at periods controlled by 
mileage. As a result, maintenance and replacement time and costs 
are kept down to a minimum. 

But besides all that, ‘Syndromic’ lubrication saves the hours spent 
in the service bay. Jt /ubricates while the vehicle is working, allowing 
you to increase your vehicles’ payloads by as much as 10%, ! 

It's obvious that * Syndromic’ lubrication soon pays for itself ! 

Ask for a Tecalemit technical representative to call and discuss the 
*Syndromic” system with you. 


The Authority on Lubrication 
PLYMOUTH, ENGLAND 
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with PREPARED TOWNS GAS 


Is it enough for a furnace manufacturer to produce furnaces? . . . 
Wild-Barfield believe not . . . they believe that only from a 


background of the widest metallurgical knowledge can they truly 


fulfil their function. It is from the intensive research which this 
policy involves that Wild-Barfield have pioneered the process of 


gas carburising using prepared towns gas. The numerous advantages 


of the gas carburising process are well known . . . and the use of 


towns gas, after the removal of deleterious constituents, adds even 


further to the precise control of the carbon gradient . . . the precise 


control of the diffusion rate, allowing active carburising to proceed 


at the maximum rate, resulting in faster and better quality carburising 


at lower cost. A feature of this equipment is simplicity of 


control, Much of the process can be carried out without 


supervision and may safely be left to ordinary hardening 


shop personnel. The whole unit is extremely compact 


and clean. Four standard sizes of gas carburising 


furnaces are available with a maximum operating 


temperature of 1050°C. A range of standard models 


with a work space diameter of 12” and work depth of 


22”, to 24” diameter and 48” in depth, can be supplied. 


WILD-BARFIELD 
ELECTRIC FURNACES 


for all purposes 


WILD-BARFIELD ELECTRIC FURNACES LTD. 
WATFORD-BY-PASS, WATFORD, HERTS. Phone: WATFORD 6091 (6 lines) 
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Only 5 nuts 
in 2 minutes 


NUT SURFEIT 


use this From 
regularly...@ Jn now on HENRY 


shall be 
WORKS 
MANAGER 


Desoutter tools put power into your hands 


DESOUTTER BROS., LTD., THE HYDE, HENDON, LONDON, N.W.9. TELEPHONE: COLINDALE 6346 (5 LINES). TELEGRAMS : DESPNUCO, HYDE, LONDON 
CRC 247 
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Standard Equipment 


for British Motor Cars 


and Commercial Vehicles 


Write for Catalogue Ref. 115/07/29-D 


THE RENOLD & COVENTRY CHAIN CO LTD - MANCHESTER 
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THE M SD MOTOR CYLINDER CO. LTD, 


Ollite oil retaining Bearings and 
Parts are incorporated in all types of 
production, they simplify 

design, improve the product and 
reduce costs—the benefit of our 
experience is yours for the asking ... 


es : MANGANESE BRONZE & BRASS C0. LTD., ELTON PARK WORKS, HADLEIGH ROAD, IPSWICH 
IPSWICH 554156 Telegrams: OILITE, IPSWICH 


54 
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duction. Our Design Dept. is able ™ 


at any time to put forward a suitable 


type Of radiator or allied equipment 


for your special requirements. 


COVENTRY MOTOR 
FITTINGS CO. LTD. 
COVENTRY Tel. 5144/5.6. 


Incorporating the C.M.F. 


FLAT TUBE BLOCK 


The LAYRUB PROPELLER SHAFT is widely used in the 
transmission systems of cars, commercial vehicles, passenger 


transport vehicles, tractors, diesel railcars, and many others. 
it provides a perfectly smooth drive owing to the absence 
of metal-to-metal contacts ; no lubrication is required, therefore, 


little maintenance. 
The illustrations show, Fig. 1. the Layrub Shaft installed on a 


Jowett ‘Javelin’ car, Fig, 2. and Fig. 3. typical installations used 
very extensively by the leading Commercial Vehicle manufact- 


urers at home and abroad. 
Write us for technical catalogue which we shall be pleased to 


mail you. 
\ MOTOR SHOW, Earls Court 
\ Call and see us at 
\ STAND 266 
Avente A. first floor \ 


IN THIS 
LARGE 
TIPPER 


REGD. TRADE MARK 


SAVES 1; TONS TARE WEIGHT 


Designed to carry 15} cu. yds. of bulk cement, this special tipping lorry with 
‘Duralumin ’ body, 17} ft. long, weighs 1} tons less than if made of steel. Interesting 
features include access to loading hatches by ladder and cat-walk, and special rubber 
sealing devices to ensure that the tailboard is leak-proof. The canopy is removable 
to convert the vehicle into an ordinary tip-truck. 


The use of ‘ Duralumin’ light alloy—one-third the weight of steel—for vehicle 
bodies saves fuel, tyre wear and maintenance. It cannot rust and always looks smart. 
Our Development Department will gladly discuss the application of the range of 
James Booth alloys to road transport, entirely without obligation. 


The above illustration is published by the courtesy of the owners of the vehicle, Chinnor 
Cement & Lime Co. Ltd., of Chinnor, Oxford, and the Duramin Engineering Co. Ltd., 
of Park Royal, London, N.W.10, who built the body. This entirely independent concern 
specifies ‘ Duralumin’ because experience has shown it to be the best light alloy. 


JAMES BOOTH AND COMPANY LIMITED ARGYLE ST. WORKS BIRMINGHAM 7 
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FOR DETAILS WRITE FOR 
ANNOUNCEMENT BULLETIN 
No. 1458-52 


READY TO HOB TWO 3;" GEARS 


Just before button is pushed 
to start the cycle. 


Hob has completed its plunge cut 
and transverse feed of work starts. 
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Rounding out its complete line of gear pro- 
duction machines and tools, Michigan Tool is 
proud to announce successful completion of 
development and production testing of its 
spectacular new high-speed, high-produc- 
tion, single-spindle gear hobber—designed 
to make tomorrow’s gear hobber require- 
ments available today. 


It employs a number of new design and 
operating principles developed and proven 
over a period of several years, all of which 
combine to give the Michigan Gear Hobber 
output rates which closely approach those of 
Michigan Underpass gear finishers and 
“Shear Speed’’ gear shapers. 


For example, the Michigan Gear Hobber can 
finish-cut two 34”, diam. 9 pitch, (2 inch 
total face width) gears simultaneously to well 
within pre-shave tolerances, in a matter of 
58 seconds, using high-speed steel hobs. 


GASTON E. MARBAIX LTD. 


DEVONSHIRE HOUSE, VICARAGE CRESCENT, BATTERSEA, S.W.11 
PHONE: BATTERSEA 8888 (8 lines) 
SALES & SERVICE ENGINEERS FOR 


a 
Enables use of HSS hobs at practically 
‘carbide’ speeds. 

Hob speeds up to 1000 rpm or more avail- 
_ able, if ever needed. (i.e., 1300 SFPM or 
more with a 5” hob). 


Infinitely variable feeds at touch of a dial. 
Gear accuracy virtually independent of 
machine operation. 
* 
Positive hydraulic dual feeds eliminate 
2/3 of gears otherwise required. 


Plunge feed replaces conventional 
approach feed ; — shorter total hob 
travel. 


Torsional deflection and vibration elimi- 
nated, to all practical purposes. 
Designed for push-button pre-selective 
hob shifting and automatic loading 
(optional equipment). 
Quick positive setup, almost foolproof 
operation ; high versatility. 
One operator can easily run two or more 
machines despite high output rate. 
* 
Conforms to all JIC standards. 
® 


Rigid and compact. 


ICHIGAN 


6: 
OTM ~ linished goer 


Nearing the end of the climb cut. 


FINISHED! IN 58 SECONDS 


Ready for reloading. 
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in the of Cold Rolled and 


Wire, quite apart froma well established uses 
Mild | Steel Stri) 


Phone : Sheffield 36931 (10 lines). 


893.2 
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“TRUBRITE” STEEL MEADOW HALL Nr. SHEFFIELD 
ALSO AT CROWN WO  BESSEMER ROAD, SHEFFIEL 


SPEEDICUT WORKS - CARLISLE ST. EAST - SHEFFIELD 4 


AUTOMOBILE ENGINEER, October 1953 


ae 
_ 


Accurate control of temperature 


C & Simplicity of operation 


Low cost 


Salt Baths High output 


for heat-treatment Clean, scale-free finish 
Uniform results 


offers technical advice on all heat-treatment problems. Samples may be sub- 
mitted for treatment or testing at the demonstration centres in London, 


Birmingham and Glasgow, no charge being made for advice. 


For further information consult: 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 
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DORMER 


REAMERS 
for precision work—increased output 
VARIOUS DESIGNS FOR DIFFERENT JOBS 


FYHE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 
_ SHEFFIELD + ENGLAND PHONE: 24137 (5 LINES) GRAMS: PROELLS - SHEFFIELD 
LONDON OFFICE: TERMINAL HOUSE, LOWER BELGRAVE STREET. WA * Phone SLOANE (4 ines) * Grams: PROCLLE KNIGHTS 1ONBON 


“DORMER TOOLS ARE OSTAINASLE FROM YOUR 
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Sk The Cape Asbestos Co. Ltd., 114-116 Park Street, London, W.1. Tel: GROsvenor 6022 
f 
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it takes a 


to come as clean as this— 


—one good reason why every CAPASCO Lining is moulded 


Every trace of grease can be removed by normal degreasing methods. CAPASCO 
Moulded Linings are impervious to oil and grease mainly due to their uniform texture 
which is illustrated by the micro-photographs. Woven Linings are absorbent and should 
be discarded but CAPASCO can be cleaned 

and put back into service with the assurance 

of full efficiency. In addition, the other 

special features of CAPASCO are :— Dimen- 

sional Stability—High Mechanical and Impact 

Strength—Rapid ‘Wet’ Recovery —Extreme 

Resistance to Frictional Fade—Uniform Wear | These micro-photographs of a Woven Lining 


and of a CAPASCO Moulded Lining show the 


to ‘Wafer’ Thickness—Non-Abrasive to Brake very striking difference in texture. It is this 

homogeneous structure of a Moulded Lining 

Drums—Suitable for Medium and Heavy Duty which is basically responsible for the excel- 
lent overall characteristics. 


Application involving High Temperatures. 


MOULDED BRAKE LININGS 


The Cape Asbestos Co. Ltd., 114-116 Park Street, London, W.!. Tel: GROsvenor 6022 
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LIGHT ALLOY 
OR STEEL 


ings 


SMETHWICK DROP FORGINGS LTD, METHWICK & KIDDERMINSTER, ENG, 


AUTOMOBILE ENGINEER, October 1953 


@ 
4; 
if 


AUTOMOBILE ENGINEER, October 1953 


Patent application 6907/48 


Proved in service, the Silentbloc-Harris Con- 
centrated Pressure Spring Shackle is now a 
standard fitting on a number of popular 
production cars. 

If one of the range of sizes available does not 
fit in with your layout we will be glad to design 
a complete shackle unit for you. 


= 
SILENTBLOC LIMITED VICTORIA GARDENS LONDON PARK 9821 
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BON) 


of all types 
for all 


BONDED SEALS. A metal washer permanently bonded 
to a rubber ring-—provides an efficient and foolproof 
answer to innumerable sealing problems. Wide applicability 
is catered for by an extensive range of dimensions and, 
dependent on size, the ability to withstand pressures up to 
10,000 Ibs./sq. in. 

STRUD. Provides a leakproof and flush-fitting fixing 
method for use in the fabrication of pressure vessels—a 
rubber ring is bonded to a wide countersunk headed bolt. 
When tightened with a nut a sealing layer of rubber is 
formed between bolt head and hole. Dimensions to suit 
requirements. 


DOWTY SEALS’ LIMITED 


SEALS 


Leakproo 
WASH 


purposes 


ASHCHURCH 


see the 


SELOC. By moulding a “‘shakeproof’’ washer within a 
rubber sheath, the functions of both a seal and a locking 
medium are combined together with the additional features 
of protection against under head corrosion. Either internal 
or external toothed types are available in all standard sizes. 


O. U. & (J-SECTION RING SEALS. Available in either 
synthetic, natural or silicone rubber for use with gases or 
liquids, acids or alkalis. These sealing rings are suitable for 
a wide variety of static or dynamic applications at high or 
low temperatures in a very wide range of sizes. 


GLOS ENGLAND 
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They’re the people who made the remarkable 
worm gear tested at the National Physical Lab., the 
one with the efficiency rating of 98.2%. They’ve been 
making gears since the 1890’s. 
Well, what are they up to now? 
They took a look—a searching and critical look—at 
their production line. With a new idea here and an 
improvement there, and an entirely new extension 
to the factory, they managed to throw the whole 
‘DELIVERY thing into a higher gear. And? .. . And you don’t 
UICKER . have to wait nearly as long for their worm 
a reduction units and gears. 
( 


Holroyd WORM GEARS AND WORM REDUCTION UNITS 


JOHN HOLROYD & CO. LTD + MILNROW - LANCS - PHONE: MILNROW 55322 


CRC 160 
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CEJ raps | 


Spiral Flute taps for blind 
hole tapping. Spiral Point 
taps for through hole tap- 
ping. In each case only 
one tap is needed. 


AND RING GAUGES 


are in steadily increasing demand throughout 
industry. Their precision and exemplary accuracy 
ensure complete satisfaction. 


CEJ Mikrokator 


The CEJ Mikrokator is an entirely frictionless 
mechanical comparator. Amplification by a twisted 
strip to the pointer without friction between solids 
or fluids. Special construction enables the pointer 
to come quickly to rest. 


CES circutar cuasers 
Measuring ranges vary from ‘006” to ‘0001’, the 


i i i i d . . . 
graduations varying from ‘0001” to ‘000002’. 
in all forms. 


A.I.D. APPROVED 
SOUTHFIELDS ROAD DUNSTABLE BEDS. TEL: DUNSTABLE 422/3 
OHB 
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TUBES 


important 


announcement 


Osram tubes are now better than ever. 


Big improvements in performance are due mainly to the use of 
better fluorescent powders and to new and much improved methods 
of coating the cathodes. 


In addition to providing a higher light output (the average through 
life of the Osram 5 ft. Daylight and Warm White is now up by 
12}°,) these improvements also result in much greater uniformity 
and make for good life and absolute reliability. 


We suggest that for your own satisfaction you set aside a section of 
your factory, shop or offices in which to give Osram tubes a thorough 
trial. Our Advisory service is always at your disposal. 


tubes for STAMINA 


A EGC. Product The General Electric Co. Ltd., Magnet House Kingsway, London, W.C.2 
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THE SILENT PARTNER IN VEHICLE CONST si ; ON 


SERIES 77 


| /| we have a case where a range of vehicles is fitted with removabie 


bodies—and where aprons are needed only when the bodies are in use. 


The *Flexilant” Bollard supplies in the simplest possible form, a fixing 
medium which solves what could otherwise be a difficult problem—instant and 
automatic attachability — rigidity — silence in use—self-placement. The 
*Flexilant” Bollard is the perfect clinch-grip fixing with endless applications. be 


RUBBER BONDERS LIMITED 


IN ASSOCIATION WITH EMPIRE RUBBER COMPANY ( Proprietors: H.G. MILES 1TD.) 
DUNSTABLE::+- BEDFORDSHIRE 
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LIGHTER... STRONGER... NEVER-RUSTING 


The radiator grille of the Rover 75 is in anodised 
Birmabright BB2 and is made by J. Fray Ltd. 
The doors, bonnet and trunk lid are made in 


BB; by the Pressed Steel Company Ltd. bed bad 
Bring us your problems. Our Technical Irma lal 
Department will gladly advise you in the use 

Registered Trade Mark 


of aluminium for your particular needs. 
The Pioneer Aluminium-Magnesium Alloy 


BIRMINGHAM 32 BIRMETALS LIMITED 


BIRMABRIGHT LIMITED 
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Cliff's 
work 


Is 


worth 


looking 


into! 


WE LIKE TO THINK that this photograph of Cliff Jones reflects the infinite amount 


of skill and patience he possesses. As an inspector, Cliff enjoys an abundance of 


these attributes. His job is to examine work for flatness and straightness, as well 


as for surface imperfections. Visual inspection is only one of many types of 


examination meticulously carried out day and night by Cliff and other experienced 


inspectors. There’s too much at stake to risk passing even the slightest flaw.... 


For well over a century we have manufactured hot and cold rolled strip, sheets, 


and sections (maximum width 32", minimum thickness +0015") to all specifications 


and for all purposes. Your enquiries are invited. 


Habershonm sreex strip 


meets the most exacting requirements 


J. J. Habershon & Sons Ltd., Rotherham. Telephone 2081 (6 lines) 
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GAS CARBURISING 


Birlec pit gas carburisers can now be supplied with 
the ‘‘drip-feed’’ atmosphere generation system, 
as an alternative to using a separate generator and 


enriching the processed town’s gas with butane, 
methane, etc. In the ‘‘drip-feed’’ furnace a 
suitable organic liquid is dripped into the 
heated charge chamber where it vaporises and 
cracks to form the carburising gas. The liquid 
comprises ingredients readily obtained 

from chemical suppliers at a cost not 

exceeding 10/- per gallon. 


Illustrated are two 65 kW pit gas carburisers 
using ‘‘drip-feed’’. 


GAS 
CARBURISERS 


with STANDARD 
PIT 


In instances where there is little floor space 
available, ‘‘drip-feed’’ may be preferred to the 


use of an external generator. It is also slightly 


cheaper in capital cost, although this advantage is 


ruled out if three furnaces (which can utilise 


the same generator) are installed. On running 


costs there is little to choose between them 


and both show considerable economies over 
the pack carburising process. Depending on the 


size of furnace used, charge handled and 


case-depth required, the carburising cost in 
standard Birlec pit furnaces varies between 
Id. and I4d. per Ib. 


BIRLEC 


ERDBINGTON BIRMINGHAM 2 4 
Sales and service offices in LONDON, SHEFFIELD and GLASGOW 


al 
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Why YOU 
should fit 
the M.M.D. 


Clevis ... 


A POSITIVE GEAR CHANGE LINKAGE 
Positive linkage allows a more positive gear change 
and the M.M.D. Spring Loaded Clevis Joint 
is the perfect solution to the problem of 
“sloppy ’’ remote control gear change assemblies. 
Wear, slack and rattle on all mechanically 
operated linkages, can be eliminated 
throughout the life of the car, with the aid of 
this rationalized clevis design. Available 


to suit all requirements of the Motor Industry. 


Photograph courtesy 
The Kotor Co., Ltd, 


MIDLAND MECHANICAL DEVELOPMENTS LTD. 


PARKER STREET WORKS PARKER STREET BIRMINGHAM 16 
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REQUIREMENTS, 
Strength and Rigidity 


Modern design calls for the finest material and foundry 
practice, with the result that more and more Ley’s cast- 
ings are being used for important parts. 

Here is an axle housing for a famous firm, cast in Ley’s 
‘Black Heart’ malleable; with cored passages to suit 
modern lubrication practice: 


LEY’S ‘BLACK HEART’ LEY’S ‘LEPAZ’ 
MALLEABLE CASTINGS: MALLEABLE CASTINGS: 


Elongation : 18%, Elongation: % 
Yield Point: 16 tons p.s.i. Yield Point: 21 tons p.s.i. 
Tensile Strength : 24 tons p.s.i. Tensile Strength: 35 tons p.s.i. 


We offer your designers the full collaboration of our engineers. 
LEY’S MALLEABLE CASTINGS CO. LTD., DERBY. TELEPHONE: DERBY 45671 


On cars that are new 
and cars that are not... 


1953 
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Brake Linings 
give greater driving control 


Each Motor Show brings its innovations and im- 
provements. But throughout the years one thing 
remains constant—the manufacturers’ preference 
for Ferodo Brake Linings. Since the days of the 
early square-built cars to the sleek-lined 1954 models, 
Ferodo linings have given safer, more confident 
motoring to millions. Motorists, like manufacturers, 
have come to know that Ferodo are the brake lin- 
ings they can trust all the time. 

That’s why more and more motorists are insisting on 
Ferodo when their brakes need re-lining. That’s why 
most of the cars, British and foreign, at the Motor 
Show are fitted with Ferodo. 


A Member of the Turner & Newall Organisation 
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Manufacturers of British heavy commercial 
and passenger vehicles employ Fox Springs 
extensively in their production for home and 
export models, for Fox are amongst the largest 


suppliers of these springs. 


The Fox Advisory Service for spring design 
affords an authoritative consultative service at 


an early stage of design. 


F 275 
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No amount of 


vibration, however prolonged, 


can slacken off the Nyloc Nut. Shake it 


how you will, it still stays locked. Nor is it 
loosened by oil, moisture and temperature extremes. The special nylon 
insert moulds itself around the thread of the bolt and refuses to 
budge unless, and until, you choose to remove it. 


The Fibre Nut, 


4 with its fibre insert, and the Pinnacle Nut, \__J/ with 
its metal diaphragm, are equally tenacious. All three nuts can be used 

over and over again and each one has a special purpose. 


Let us advise you which is best for your particular job. 


Grins SELF-LOCKING NUTS 


SIMMONDS AEROCESSORIES LIMITED - TREFOREST - PONTYPRIDD - GLAMORGAN 


Also3London, Birmingham, Stockholm, Melbourne, Sydney, Amsterdam and Milan 
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The manufacturers of components and accessories for motor vehicles 
form a potent and integral force in a great exporting industry. As such, 
Rubery Owen and associated companies of the Owen Organisation serve 


the world. 

RUBERY, OWEN & CO. LTD., Chassis Frames and members. Fuel Tanks, 

DARLASTON, SOUTH STAFFS. Rear Axle Casings, Deep drawn Presswork. 
Bolts, Nuts and Studs. 

RUBERY OWEN (WARRINGTON) Single Speed Front and Rear Axles, Eaton 
LTD., CLEVELEYS ROAD, 2-speed Rear Axles. 
WARRINGTON, LANCS. 

MOTOR PANELS (COVENTRY) LTD., Commercial Vehicle Cabs. Wings and 
HOLBROOK LANE, COVENTRY. Panels. 


THE OWEN ORGANISATION 
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Photograph 

by courtesy of Messrs. 
Metropolitan- Vickers 
Electrical Co., Ltd. 


The above photograph shows 
the rough planing of a cast 
iron bed plate. The tool is 
of Cutanit Grade O which is 
particularly suited to this class 
of work. 


TRADE MARK 


CEMENTED CARBIDE 


A METRO-CUTANIT PROOUCT 


WM JESSOP & SONS LTD & a 
BRIGHTSIDE WORKS SHEFFIELD 


AUTOMOBILE ENGINEER, October 1953 


x 
(The <a 


for the job 


The lighting of many processes is vital to the smooth and rapid flow of 
work and to the quality of the finished product. For example, poor 
lighting could make a spray tunnel into a bottle-neck — each job taking 
a little too long, a little portion missed, a return to the spray line — and 
so the whole production line marks time. Whatever form it takes, good 
lighting not only helps to provide a satisfactory working environment but 
is an active production tool. 

Fluorescent lighting is as good as daylight — only more consistent. It 
is efficient ; it is economical; and it is flexible. You can ‘ tailor’ it, easily 
and exactly, to the special requirements of production at all stages. 


Electricity for PRODUCTIVITY 


84 


Rover Car Factory, Solihull. High intensity lighting in a 
body spray tunnel by fluorescent lamps in a glazed enclosure. 


HOW TO GET MORE INFORMATION 


Your Electricity Board will be glad to advise 
you on how to use electricity to greater 
advantage —to save time, money, and 
materials. The new Electricity and Pro- 
ductivity series of books includes one on 
lighting — “ Lighting in Industry ”. Copies 
can be obtained, price 9/- post free, from 
E.D.A., 2 Savoy Hill, London, W.C.2, or 
from your Area Electricity Board. 


Issued by the British Electrical Development Association 
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Made by James Neill & Co. (Sheffield) Ltd © and obtainable from your usual suppliers 


HSB4 
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MADE BY THE PIONEERS 
IN PRECISION 
STEERING 
GEARS 


EFFORTLESS 
STEERING AND 
GREAT DURABILITY 


Hardened cam and roller. 

Tapered roller bearings (with detachable 
cones on the larger sizes). 

Double bearing support to rocker shaft. 


End-location adjustable. 
THE ‘MARLES’ 
DOUBLE-ROLLER 
GEAR, made in a Very compact box. 


range of sizes For fore-and-aft or transverse layout. 


Larger angular movement. 


iP Sai: every type Trunnion or spigot mounting alternative 
chassis. 
on heavy types. 


ADAMANT 
ENGINEERING CO. LTD., DALLOW ROAD, LUTON 


Sole proprietors of the Marles Steering Company Ltd. 
Telephone: LUTON 2662 (4 lines). Telegrams: ADAMANT, PHONE, LUTON 


AUTOMOBILE ENGINEER, October 1953 


= 
q 
a 
— 
— 


How are you fixed for CLIPS? 


If you are having trouble with clips, bring your problem to us. We 
show here a few varieties, but these, mark you, are only a very 
small selection from our range of thousands of CLIPS...in every 
possible shape, size and quantity — in phosphor-bronze, brass, steel, 
stainless, plated ... for every trade and profession. 

And if you want a ‘special’ let TERRY'S Research Department 
design for you — after all, we’ve got 98 years’ experience behind us. 


Sole Mokers : 


HERBERT TERRY & SONS LTD. REDDITCH (The Spring Specialists) 
BIRMINGHAM LONDON MANCHESTER 


and 5 very 
popular ‘numbers’ 


80 and 81 — general utility clips 
— for tool racks, etc., from }” to 
2” from stock. 


300 — an exceptionally efficient 
drawing board clip, 5/- a doz. 
(inc. p.t.) from stock. 


257 — a useful clip in black 
enamel, from 3” to 14”. 


1364—a clip for kitchen cabinets 
— rustproof finish. 


Really interested in springs? 
This book — Spring Design and 
Calculations — packed from cover 
to cover with spring date, is yours post 
tree for 12/6. 


: 
Gy 

= 
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One cheque that will never be drawn! 


Money saved is money earned, and *this man found the way. By the simple expedient of 
changing brazing operations from old fashioned torch methods to modern applied high 
frequency, a total of £12,000 in solder costs alone was gained over twelve months. This is 
the way he did it: 

Excessive heat was being applied to a brazing job because of the conductivity of a large part, 
and distortion was frequent. Applied High Frequency engineered the job for brazing by 
Induction Heating—a satisfactory joint being obtained with 60% less silver solder, and 
distortion completely eliminated. The saving in solder amounted to one shilling and sixpence 
for each component; calculated on a year’s output, a saving of £12,000 on solder alone. 
Savings on this scale may not always be possible, but it may prove worthwhile to have a 


Wickman engineer investigate the possibilities in your production. 


*User’s name withheld by request. 


: APPLIED HIGH FREQUENCY DIVISION 


London Works, 50, Oxgate Lane, Cricklewood, London, N.W.2. 
Telephone Gladstone OOM}, 


315 FO? 


AUTOMOBILE ENGINEER, October 1953 


is 
: 
Cy 
> 
89 


arings will ensure smooth, frictionless running 
ithstand high speeds, acceleration, heat, pressure 
» they give in such arduous 
s is a tribute to the fine materials.and careful 
ship that characterise their manufacture. 


RANSOME & MARLES BEARING C0.,LTD., 
+ NEWARK-ON-TRENT, ENGLAND. * 
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‘“‘The Case for Automatic 


Chassis Lubrication” 7/7 


INSTALLATIONS IN LONDON & HOME COUNTIES BY UNIVERSITY MOTORS LTD. LOTS ROAD, LONDON, S.W.1! 


DEWANDRE 
Automatic Lubricator 


TITANIC WORKS : LINCOLN : PHONE 11305-9 
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Cast Iron Cylinder Head 
for the Standard 8 


Cast Iron Cylinder Block for the Standard 8 


STE RLING castings for the new Standard Shp. 


Sterling Metals Limited are specialists 

in the production of cast iron cylinder 
block and cylinder head castings 

—also light alloy castings: sand and 
gravity die, in aluminium and magnesium 


Elektron ” alloys. 


STERLING METALS LTD 


COVENTRY 


Telephone: Coventry 89031 (6 lines) Telegrams: Stermet - Phone - Coventry 
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Rubber-bonded-to-metal mountings provide the most effective and economic method of damping 
vibration. But the design must be right and the bond beyond question. You can be sure of both at 


Andre where the technical service and production facilities of a company specialising in bonding and 


moulding rubber are at your service. Our Technical Department welcomes the opportunity to 


co-operate in the development of new applications of engineering rubber. 


Write for a copy of ‘‘ Elastomeric Engineering Examples’’—a photographic record 


A selection of Rubber- 
of the wide range of rubber and rubber/metal components produced by ANDRE. 


bonded-to-metal mount- 
ings and bump stops 
manufactured by Andre. 


Three sero. spociatisad Rubher 


ANDRE RUBEER COMPANY LIMITED 


{A SILENTELOC COMPANY) 
KINGSTON BY-PASS, SURBITON, $08 


Teléphase: 50° Telegrams: Andre, 


For style and dependability, virtually 


every British car incorporates a” 


components and accessories by 
Wilmot Breeden. 


EARLS COURT + STAND 326 - AVENUE E FIRST FLOOR 


BUMPERS AND OVER-RIDERS . DOOR HANDLES AND LOCKS : WINDOW WINDERS 
ROOF LAMPS AND SWITCHES - STEERING WHEELS - RADIATOR AND HORN GRILLES 
ASH TRAYS .- BONNET HINGES , BODY MOULDINGS , BADGES AND MASCOTS 
LOCKING PETROL CAPS , IGNITION LOCKS , HYDRAULIC ELECTRIC EQUIPMENT 


WILMOT BREEDEN LIMITED BIRMINGHAM LONDON MANCHESTER GLASGOW 
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you need the WIGGIN touch 


The selection of the best materials for Amongst this wealth of technical inform- 
use at high temperatures is a problem ation we may already have the solution 
for the expert. That is where we can to your own high-temperature problem. 
help. We have research data and service The chances are that one of our high-nickel 
results covering the use of a wide range of alloys will best meet your requirements— 


materials in various operating conditions. but ask us before you go ahead. 


Useful technical data on our high-temperature materials is contained in our publications. 
May we send you copies ? 


WIGGIN HIGH-TEMPERATURE MATERIALS 
INCONEL* NIMONIC 80A 
NIMONIC* 75 | NIMONIC go 
NIMONIC F NIMONIC 95 
NIMONIC 80 | NIMONIC DS 


* Registered trade mark 


HENRY WIGGIN & COMPANY LIMITED. WIGGIN STREET, BIRMINGHAM, 16 


36/n1/58 
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It is crystal clear that the most economical 

solution of bearing problems can best be achieved 

at an early stage of development. The design staffs 

of many famous firms are not too proud to call in 
Skefko, knowing that their very wide experience in 
bearing applications can pay dividends in simplification 
and consequent productivity in the machine shop 

and in erection. To say nothing of increased 
reliability and longer bearing life in the 

machine itself. 


CONSULT... 


THE SKEFKO BALL BEARING COMPANY LIMITED « LUTON ° BEDS 


THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: 
BALL, CYLINDRICAL ROLLER. TAPER ROLLER AND SPHERICAL ROLLER 


G.42 


96 AUTOMOBILE ENGINEER, October 1953 


a " i 
x 4, 
A 
Y, 
13 
| 


AUTOMOBILE 
ENGINEER 


Design, Materials, Production Methods, and Works Equipment 


Editor: J. B. DUNCAN 
Editorial Staff: T. K. GARRETT, A.M.I.Mech.E., A.F.R.Ae.S., F.C. SHEFFIELD 


Publishers: ILIFFE & SONS LTD., DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1. 


Telegrams: Sliderule, Sedist London 


COVENTRY: 
8-10, CORPORATION ST. 
Telegrams: Autocar, Coventry 
Telephone: Coventry 5210 


BIRMINGHAM, 2: 


Telegrams: 
Telephone: 


Autopress, 
MIDiand 


KING EDWARD HOUSE, NEW ST. 
Birmingham 
7191-7 


Telephone: Waterloo 3333 (60 lines) 


GLASGOW, C.2: 
268, RENFIELD ST 
Telegrams: Wliffe, Glasgow 
Telephone: Central 1265- 

1266 (2 lines) 


MANCHESTER, 3: 
260, DEANSGATE 
Telegrams: Wliffe, Manchester 
Telephone: Blackfriars 4412 


PUBLISHED MONTHLY—SECOND WEDNESDAY 
Annual Subscription: Home and Overseas £2 11s. 6d., including the Special Number; Canada $7.50; U.S.A. $8.00 


Vout. XLII No. 57] 


Mechanized Production 


MERICAN production developments since the war 
have shown a remarkable trend towards a great 
increase in mechanization, with a consequent 
decrease in the labour force required for a specific 

output. Considered solely as engineering projects, the 
developments are of major interest to British production 
engineers. Whether the automobile industry in this 
country should follow suit calls for consideration of factors 
other than the purely technical. 

Essentially the aim of a production engineer is to plan to 
produce work to a specified standard of quality at the lowest 
possible total cost. The components that make up the total 
cost are not constant as between one country and another; 
on the contrary they show great variations. In the engineer- 
ing industries in the United States of America labour wage 
rates are very much higher than the rates in any other 
country in the world, and as a consequence there are 
compelling reasons for spending much time and money on 
developing means for reducing the amount of labour 
necessary. 

In this country the weekly earnings of the workers in the 
automobile industry are appreciably over the national 
average; in fact they are probably higher than those of any 
other major industry. This poses the question as to how 
far the British automobile industry should follow American 
practice. 


Possible developments 


There is no doubt that production engineers generally 
have a tendency to consider the problem from one point 
of view—how can they eliminate the human factor? This 
attitude has considerable justification so far as some 
important aspects are concerned. For example, there is not 
the slightest doubt that it is much better to make dimen- 
sional accuracy and quality of surface finish functions of the 
machine rather than to have the specified standard depen- 
dent upon the skill and care of the operator. This type of 
mechanization can hardly be carried too far. 

How far other types of mechanization that have been 
introduced in America should be followed in this country 
is somewhat more debatable. Two examples of modern 
American developments have recently been described in 
this journal; namely, methods of machining Ford cylinder 
blocks and Chrysler crankshafts. Briefly, the essential 
features in each case are the mechanical loading and 
unloading of machines and the mechanical transfer of work 


OCTOBER, 1953 


Price 3s. 6p. 


from one machine to the next in the sequence. 

Automatic in-line transfer machines are already used in 
considerable numbers in the British industry, but there 
still appears to be room for considerable developments in 
machine loading and unloading and in inter-operation 
transfer of work. The work-holding fixtures in use today 
show great improvement over those that were common only 
a few years ago. They are much more open and allow work 
to be inserted and withdrawn from the machine relatively 
easily. But in the main they still have to be loaded and 
unloaded manually. 

Developments in machine loading and unloading and in 
inter-operation transfer of work appear to offer good 
prospects of reduction in production costs. The technical 
problems are far from insuperable; in some respects they 
are similar to those associated with automatic in-line 
transfer machines. Nor should the cost be of an order that 
would deter any of the organizations that produce in large 
quantities. 


Reliability 


N certain quarters in some Commonwealth countries, 
notably South Africa, the erroneous belief that 
American cars are more suitable than British cars for 


rough country is still prevalent. This opinion may 
have had a certain sub-stratum of fact before the war, 
when British cars were designed mainly for operation on 
the good roads that are the general rule in this country. 
Today, however, it is certainly not true, since operating 
conditions in the export markets are a major factor influenc- 
ing the design of the cars now produced in this country. 


Australian trial 


The results of the Australian Reliability Trial, sponsored 
by Redex Products (A’Asia) Pty. Ltd., and organized by 
the Australian Sporting Car Club, are positive proof of the 
suitability of British cars for operation over even the 
roughest terrain. This test was particularly severe. The 
course was 6,500 miles long from Sydney up the east coast 
to Darwin in Northern Territory and then back south 
through central Australia. About 2,000 miles of the route 
comprised poor or even non-existent roads and also 
involved the crossing of numerous creeks and gulleys and 
the fording of rivers. 

Of the cars that gained the first ten places in the general 
classification, one was French, one American, and the 
remainder were all designed and manufactured within the 
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British Commonwealth. The only cars in this last group 
not made in this country were two Holdens, of Australian 
manufacture, which had fourth and fifth places. Of the 
British cars, Humber Super Snipes were placed second, 
seventh and ninth; one Standard Vanguard tied with a 
Holden for fifth place and another tied with a Super Snipe 
for ninth place: an Austin A40 was placed eighth. A 
Peugot was the winner in the general classification and a 
Chrysler Plymouth was placed third. 


Class results 


In the class results British vehicles put up equally 
creditable performances. A Morris Minor was placed first 
in the under 1,100 c.c. class, and in the 1,100-1,500 c.c. 
class an Austin A40 was second. First and second places 
in the 1,500-2,500 c.c. class were awarded to Holden cars 
with a Standard Vanguard third. In the over 2,500 c.c. 
range, Humber Super Snipes gained first and third places. 

Satisfying though these results are they should not give 
rise to complacency; nor do we think they will. There are 
minor detail improvements in design that would make 
British cars even more suitable for operation over rough 
terrain and therefore even more attractive to buyers in these 
markets. It is, of course, difficult to determine where to 
draw the line in striking a compromise between the 
requirements of different markets, but we would suggest 
that on several models an increase of 4 in-} in both in 
ground clearance and wheel clearance at full bump would 
be an appreciable advantage. 


Improved amenities 


Furthermore, improved amenities are desirable. This is 
particularly so with regard to dust proofing and filtered 


ventilation, and the use of trimming materials that are more 
resistant to deterioration under adverse climatic conditions. 
Possibly investigation of the problem of evolving fade-proof 
paints and dyes for motor vehicle finishes would be well 
worth while—this, of course, is in the province of the 
material suppliers. It is not suggested that British cars are 
worse in these respects than those of their overseas com- 
petitors; rather it is intended to point the way to effecting 
further improvements to an already high standard. 

Two extraneous factors, the chronic dollar shortage that 
affects most parts of the globe and the enormous home 
demand for American cars, offered British manufacturers a 
great opportunity for extending their export markets, and 


right well has the opportunity been taken. There is, 
however, no certainty that these factors will continue to 
operate indefinitely, and now is the time to strengthen our 
position. 


Prices 


S the Motor Show approaches, the pattern intended 
for the British automobile industry for the coming 
year begins to take shape. Details of several new 
models have already been announced. They 

include much of technical interest that will be discussed 
fully in the Special Show Number of this journal. Here 
we would merely remark on the question of prices. 

At a time when almost everything is being advanced in 
price, that automobiles should be showing a directly 
contrary tendency is a matter on which the industry is to 
be congratulated. Several organizations have announced 
appreciable reductions in basic prices, while others although 
maintaining the same price are supplying vehicles with 
additional amenities so that increased value is given for the 
same price. 

What makes the achievement of the industry the more 
remarkable is that while basic prices of motor vehicles have 
in general risen by less than the national average, current 
models incorporate many features that were not common 
before the war. Nor is this the result of a fight for markets. 
On the contrary, until recently, the manufacturer’s greatest 
difficulty was to produce sufficient to keep pace with orders; 
even now, this still holds good for several popular models. 

World conditions are now such that merely to maintain 
existing markets will be difficult at present price levels, and 
it must be stressed that maintenance will be possible only 
with full volume production. The output potential of the 
industry is now so much greater than it was in pre-war 
years and if it is to be fully used, there is necessity for a 
steady home demand in addition to the demand from 
overseas. 

Unfortunately, the continuing purchase tax must greatly 
restrict the home demand. it also has a marked tendency 
to curtail home sales in the early months of the year before 
the Budget is introduced. As the motor industry has proved 
to be the greatest earner of foreign currency, it would 
appear logical to do all that is possible to help it and a 
removal of the purchase tax, which would lead to a con- 
sequent increase in home demand, could have an appreciable 
effect on prices for export. 
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PERKINS R6 ENGINE 


A Diesel Unit Designed for Heavy Commercial Units Operating 
at High Speeds 


engine, the R6, has been designed 
mainly for overseas markets, 
where road speeds are not restricted as 
they are in Britain. It is a logical 
development from the P6 unit which, 
just before the war, was designed to 
provide a diesel engine suitable for 
installation in most of the more popular 
British trucks in what was then the 
50 cwt unladen weight class. Subse- 
quent events have demonstrated that 
the original conception of the earlier 
design was well founded, for the P6 
has not only become a standard power 
unit for this class of vehicle but, with 
the rest of the range, it has found a 
ready market for almost every con- 
ceivable application. Since it was 
introduced there have been many 
changes in vehicle design and operat- 
ing requirements, and a few years ago 
it became clear that there was an 
increasing demand for an_ engine 
capable of a greater output, and 
running at higher speeds, to meet the 
requirements of overseas markets. 
Therefore, having in mind _ the 
success of the P6 engine, the manu- 
facturers decided that revolutionary 
changes should be avoided. Accord- 
ingly, the new unit is based on the P6, 
but incorporates modifications sug- 
gested by experience and by the 


[ore new Perkins high speed diesel 


On the Perkins R6 engine the exhauster pump, when fitted, is 
driven in tandem with the injection pump 


SPECIFICATION 


Six cylinders. Bore and stroke 4 in 
(101-6 mm) x 44 in (114-3 mm). Swept 
volume 340 in® (5,560 cm*). Maximum 
b.h.p. 108 at 2,700 r.p.m. Maximum 
b.m.e.p. and torque respectively 106-5 
Ibjin? and 240 lb-ft at 1,600 r.p.m. 
Compression ratio 17-5:1. Forged steel, 
dynamically balanced, seven bearing 
crankshaft. Overhead valves, operated 
by short push rods. Injector pump: 
C.A.V. type BPE 6A 70 P320 $6302. 
Injector nozzles: C.A.V. type BDL 105S 
6125. Combustion chamber: Perkins 
patent ‘‘Aeroflow’’ swirl chamber. 
Fuel lift pump: C.A.V. type BFP/K22 
P68. Fuel pre-filter: C.AV. type 
BFJSJ1/501. 


installation requirements of the 
vehicles into which it is to be fitted. It 
has also been necessary constantly to 
bear in mind the sometimes conflicting 
requirements of compactness and 
adaptability, as well as of low cost and 
accessibility. 

The success of the earlier Perkins 
designs has to a large extent been due 
to the operational flexibility of the 
combustion chamber, which has there- 
fore been adopted in this new engine. 
It is stated that experience over many 
years with the earlier engines has 
established the fact that this, the 


Perkins Aeroflow com >ustion system, 
will operate efficiently from the lowest 
speed up to well over 4,000 r.p.m., and 
is equally satisfactory with engines 
irom 6in bore down to 3in or less. 
Another advantage of this design is 
that it obviates the need for masked 
valves or other restrictive methods of 
inducing swirl, so that the largest 
possible vaives can be used, and in 
that way the high volumetric efficiency 
essential for good power output at high 
speeds has been obtained. Further- 
more, the combustion chamber func- 
tions satisfactorily under even the most 
adverse conditions of operation and 
maintenance. 

From the data given in the specifica- 
tion panel, it can be seen that the 
bore: stroke ratio is 1-125:1, and the 
connecting rod length: stroke ratio is 
1-806: 1. Maximum b.h.p. is developed 
at 2,700r.p.m., which is 300r.p.m. 
higher than in the P6 unit. The mean 
piston speed at 2,700r.p.m. is 2,025 
ft/min. Maximum b.m.e.p. is 105-5 
Ib/in? at 1,600r.p.m. and the maxi- 
mum i.m.e.p. is 130lb/in*, giving a 
figure of approximately 82 per cent for 
the mechanical efficiency. The firing 
order is 1, 5, 3, 6, 2, 4. 

In terms of b.h.p/in? piston area, 
the performance is 1-433, and ex- 
pressed as b.h.p/litre it is 19-4. The 


An induction gallery is cast partly in the cylinder head and is 
closed by a simple bolted-on manifold 
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engine dry weight is 9141b including 
the flywheel. Thus, with a maximum 
b.h.p. of 108, the power developed per 
pound weight is 0-185 b.h.p. Minimum 
brake specific fuel consumption, with 
the dynamo on charge and a 6-bladed 
fan fitted, is 0-40 pt/b.h.p/hr and, as 
can be seen from the performance 
curves, this figure is well maintained 
over a substantial proportion of the 
Operating range. In fact, even at 
2,000 r.p.m., the specific fuel con- 
sumption is no more than 0-412 pt/ 
b.h.p/hr. The overall dimensions of 
the unit, less air filter and flywheel, 
are: height 34} in, width 224in and 
length 38% in. 

Except for minor changes, the 
general layout is but little different 
trom that of the P6. On the left-hand 
side, an eccentric vane type exhauster 
pump and the injection pump are 
driven in tandem by the timing chain, 
which also serves the high camshaft 
on the right. Also on the right are the 
filter type crankcase breather, and the 
dynamo which is driven from the 
usual triangulated V-belt arrangement 
at the front. The other wheel driven 
by the V-belt is, of course, the water 
pump pulley, the pump unit being 
bolted to the front of the cylinder head. 
Instead of the separate bolted-on water 
rail, used in the P6 to distribute water 
round the combustion chambers and 
exhaust valves, a cast-in water rail, or 
gallery, is incorporated in the top of 
the R6 block. Few changes have been 
made to the cylinder head arrangement. 
The exhaust manifold is bolted on the 
left and the inlet on the right. Instead 
of the long solid tappets used on the 
P6, lighter, hollow stemmed, mush- 
room type tappets are used in con- 
junction with short push rods to 
operate the rockers, which serve the 
vertical, in-line, overhead valves. 


Cylinder block and crankcase 


An integral crankcase and cylinder 
block unit of B.S.1452 grade 14 cast 
iron is employed. At the rear, a face 
joint is machined to carry the clutch 
housing, which is positively located by 
three 4in diameter dowels. The joint 
is sealed by a ¢s in thick R.K. washer. 
The timing case is assembled, together 
with a 3; in thick R.K. washer, to a 
machined face at the front end. A 
cell is cast immediately below the 
cylinder head face joint to accommo- 
date the camshaft, and on the opposite 
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Curves of engine performance with dynamo 
on charge and exhauster and 17 in diameter, 
six bladed fan fitted 


side, the left, is the water rail already 
mentioned. 

Cylinder liners, of cast iron 
hardened and tempered to B.H.N.225- 
255, are pressed in, the interference 
fit being 0-002-0-005in. Each has a 
}inx0-014in flange at the top end. 
Their wall thickness is 3°; in, and the 
total thickness of the liner and _ its 
housing is approximately % in. The 
minimum water jacket space between 
the cylinders is } in. This is a different 
arrangement from that used in the P6, 
in which all but the centre pair of 
cylinders are siamesed, and in which 
small locating flanges are incorporated 
at the top end of the liners. 

The lower face of the crankcase is 
machined to make the joint face for 
the two-piece sump, which is secured 
by twenty-four 1% in diameter set bolts. 
This face joint is at a level approxi- 
mately 3, in below the axis of the 
crankshaft main journals. The webs 
that carry the main journal bearings 
are gusseted between the bearing cap 
seats and the lower edge of the crank- 
case skirt. As can be seen from the 
illustration, these webs are well ribbed 
to give adequate stiffness. 

Cold headed, iin diameter set 
screws, of 1} per cent Ni, 4 per cent 
Cr steel having an ultimate tensile 
strength of 55-65 ton/in’, together 
with locking plates, secure the main 
journal bearing caps. These caps 
register in a shouldered seating which 
affords positive lateral location. In the 


The oil pump is bolted up to the front wail of the crankcase and is driven from the crankshaft 
by a straight spur gear 


399 


Perkins P6, semi-circular cut-outs in 
the end walls of the sump carry cork 
sealing strips and bear against the 
inner ends of the front and rear main 
journal caps, but in the R6 the bear- 
ings are completely enclosed in the 
sump. The seal at the rear is effected 
by a separate bolted-on piece which 
also forms the lower half of the crank- 
case rear seal, and at the front, the 
base of the timing cover is bolted down 
on to the sump flange. 


Crankshaft, connecting rods 
and pistons 

An En 19T crankshaft is fitted. The 
main journals and crank pins are 
Tocco hardened to V.P.N.550-650; the 
hardness of the remainder of the shaft 
is B.H.N.248-302. The crankshaft 
length between the back of the rear 
web and the front of the front web is 
28; in. All the webs are }% in thick 
by 44 in wide. There are seven main 
journals, each 3in diameter. Lead 
bronze, indium flashed, steel backed 
bearing shells are employed. They are 
located in the conventional way by 
means of tags, pressed out adjacent to 
the abutting faces of the halves of the 
shells, engaging in slots machined in 
the housing and caps. Both the front 
and intermediate bearings are 1,6 in 
long, while the length of the centre and 
rear ones is in, and the diametral 
clearance is 0-003-0-005in. The 
diameter of the crank pins is 2} in. 

Axial location is effected at the rear, 
where two semi-circular, steel backed 
lead bronze thrust washers are carried 
in recesses machined one on each side 


-of the bearing housing. The rear washer 


bears on an oil thrower ring formed 
integrally on the crankshaft, and the 
front one on the rear crank web. Both 
are prevented from rotating by the 
bearing cap which registers against 
their ends. A scroll type oil return 
is machined behind the thrower ring, 
at the rear of the crankshaft. It works 
in a two-piece, die-cast aluminium 
housing bolted to the rear of the 
crankcase. As was mentioned earlier, 
the lower half of this housing bears 
on the joint face of the sump. The 
flange to which the flywheel is bolted 
is } in thick by 5} in diameter, and the 
tail end of the crankshaft is counter- 
bored for a ball bearing carrying the 
clutch shaft. 

Alternative flywheels may be fitted 
for different applications. The dimen- 
sions of one of the recommended fly- 
wheels are: overall diameter 15 in, 
overall thickness 2 in, weight 72 1b. It 
is made from a 0-4 per cent carbon 
steel. An En§8 starter ring gear with 
126 teeth is pressed on to the rim of 
the flywheel and held by four 1 in 
diameter set screws. 

At the front of the crankshaft there 
is an extension, which is 4} in long 
and 1} in diameter, except at the front 
end where it is reduced to lin 
diameter and threaded. Immediately 
behind the threaded portion, the 
extension is serrated for a length of 
1s in, and for the remainder of its 
length it is plain except for a keyway. 
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This portion behind the serrations 
carries two keyed-on wheels. One of 
these wheels is the oil pump drive 
gear and the other is the tuming chain 
drive sprocket. In front of this 
sprocket is an oil thrower ring held in 
position by the boss of the fan belt 
pulley, which is mounted on _ the 
serrated part of the shaft. The whole 
assembly is pulled up by a special nut, 
which incorporates dogs for the starter 
handle, on the threaded front end of 
the shaft. By using this nut, instead of 
a special bolt screwed into a tapped 
hole in the crankshaft, the weakening 
of the section at the serrated end of 
the crankshaft has been avoided. 
Sixth order crankshaft vibrations at 
about 2,500 r.p.m., liable to cause both 
noise and fatigue, have been effectively 
dealt with by fitting to the 
fan belt pulley an 8in 
diameter viscous type 
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secured directly to the crankshaft, 
rotates with the crankshaft and has the 
same torsional vibration amplitudes. 
Therefore, resonance is damped by the 
viscous friction in the fluid between 
the ring and the housing. 

Each of the En1ll0T, H-section 
connecting rods weighs 3-88 lb, and has 
a centre-to-centre length of 84 in. The 
overall dimensions of the cross section 
of the rods are: {# in over the flanges, 
1} in wide and } in web thickness. The 
bearing caps seat at 90 deg to the axis 
of the rod, and the abutting faces 
between the cap and the rod are 
serrated to furnish positive lateral loca- 
tion. When the caps are removed, the 
rods may be withdrawn through the 
cylinder bores. 

The big end bearing assembly is 
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The injection pump drive 


topped and, unlike the smaller Perkins 
engines, do not have deflector cavities 
machined in them underneath the 
discharge port of the combustion 
chamber. Since generous 
sections are allowed round 
the ring belt, giving a good 
heat flow down the skirt, it 


damper, manufactured by Maximum positive acceleration of tappet 

the Holeset Engineering Co. (flank) 4,480 ft/sec? has been unnecessary to 
Ltd. This damper consists Maximum negative acceleration of tappet incorporate stiffening ribs 
essentially of a ring shaped (nose) 1,536 ft sec? inside the piston. However, 
mass in a housing. The Lift at cam — - 0-358 in the lower end of the skirt is 
clearances between _ these Nominal period of cam 119 deg 30 lipped inwards to increase 


two components are filled 

with a silicone fluid, the 

viscosity and other properties of which 
are well suited to this type of applica- 
tion. Unfortunately, its lubricating 
properties are not ideal, but this diffi- 
culty is usually overcome by plating 
the parts between which relative move- 
ment takes place. In operation, the ring 
tends to maintain a steady rotational 
movement, while the housing, being 


A bolted-on cast aluminium timing case is employed on 


the Perkins R6 


held together by two }4in diameter 
En110V_ set screws locked by tab 
washers. Steel backed, lead bronze 
lined, indium flashed shells are 
employed. Their effective length is 
1-274-1-284 in. The running clearance 
is 0-0019-0-0037 in. A lead bronze lined 
steel bush. 1) in long, is fitted in the 
small end. Its running clearance is 
0-0004 - 0-:00175in. A 
countersunk is 
drilled in the end of the 


rod to. assist splash 
lubrication of the small 
end. 


The outside diameter 
of the En 353 or En 354, 
case hardened gudgeon 
pin is li«in, and its 
inside diameter is {i in. 
The effective bearing 
length in each boss in 
the piston is {i in. 
When cold, the pin is a 
light interference fit, so 
that under the sparsely 
lubricated conditions 
experienced during 
starting, all the rubbing 
that takes place will be 
between the bearing 
metal of the small end 
bush and the pin. As 
the engine warms up, a 
running clearance 
develops in the piston 
bosses but, by this time 
lubrication at this point 
is adequate, so there is 
no danger of picking 
up. Axial location is 
effected by Seegar 
circlips in the piston 
bosses. 

Low expansion, alu- 
minium alloy, plain 
skirted pistons are em- 
ployed. They are flat 


the strength and stiffness at 
that point. There are three 
compression rings: the top one, which 
is of D.T.D.233 chromium plated, 
being Zin below the crown. The 
second ring is a plain rectangular sec- 
tion hardened and tempered cast iron 
one, and the third is a three-piece Cords 
laminated ring with 4's in laminations. 
Two hardened and tempered slotted 
oil control rings are fitted to each 
piston, one above and one below the 
gudgeon pin. The dimensions of the 
compression rings are: 
Top Second 


Gap 0:012- 0-012- 
0-017 in 0-017 in 
Face width .. 0-187in 0-187 in 
Radial thickness  0-154- 0-154- 
0-:162in 0-162 in 
Depth of groove 0-177in 0-177 in 
Side clearance .. 0-002- 0-002- 
0-004 in 0-004 in 
and the oil control ring dimensions 
are: 
Top Second 
Gap 0-:012- 0-012- 
0-017 in 0-017 in 
Face width 0-25in 0-25 in 
Radial thickness 0-154- 0-154- 
0-:162in 0-162 in 
Depth of groove 0-184in 0-184 in 
Side clearance .. 0-002- 0-002- 
0-004 in 0-004 in 


Timing gear, camshaft and valve gear 

The timing case is a separate die- 
cast LM4M_ aluminium component 
bolted to the front of the crankcase. 
The front cover, which is a slightly 
dished casting of the same material, is 
secured on the front end, together with 
a Klingerit joint washer. By the use 
of aluminium for the timing case, a 
saving in weight has been effected, as 
compared with the more common 
arrangement, whereby it is cast 
integrally with the cylinder block. A 
lip type oil seal is housed in the front 
cover and bears on the crankshaft 
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pulley boss. This seal and its housing 
are shrouded by the dished thrower 
ring just inside the cover. In front of 
the cover, the rim of the B.S.1452, 
grade 14, pulley surrounds the seal and, 
by acting as a thrower, affords a con- 
siderable measure of protection against 
damage to the seal by dust and other 
foreign matter. 

A three-strand roller chain of {in 
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secured by three 1s in diameter set 
bolts to a flange round it. 

There are twelve bolt holes equally 
spaced round the flange, so that the 
angle subtended between the axis of 
the shaft and the centres of adjacent 
bolt holes is 30deg. On the sprocket 
there are again twelve holes, but they 
are in three groups of four, the centres 
of the groups being spaced 120 deg 


9 deg, and then turning the camshaft 
back by an amount equivalent to four 
bolt holes, or 8 deg, to make a total 
rotation of 1 deg. 

As in the P6, the shaft is made of 
Monokrom. It is 14} in diameter and 
is carried in four bearings machined 
directly in bosses in the block casting. 
The front bearing is l}in long by 
2-196-2-197 in diameter. Both the inter- 


pitch transmits the drive 
from the En 8Q sprocket on 
the front of the crankshaft to 
the camshaft and injection 
pump sprockets, which are 
of close grain cast iron. 
Correct chain tension is 
maintained by a Renold and 
Coventry Autotensioner unit 
bolted to the front wall of 
the crankcase. The injection 
pump drive drive sprocket is 
pressed and keyed on to its 
1} in diameter, En 6 spindle, 
which is carried in a separate 
cast aluminium housing 
spigoted and bolted to the 
rear of the timing case. In 
bosses in this housing, two 
phosphor bronze bushes, 
14in long and spaced 2 in 
apart, support the spindle. 
The top of the front boss 
is drilled vertically so that oil 
may splash down into a 
groove round the bush and 
thence through two {in 
diameter holes into longitu- 
dinal slots in the _ bearing 
surface of the bush. These 
slots spread the oil over the 
length of the bearing, and 
are assisted in this function 
by a spiral groove machined 
in the spindle. This groove 
passes the surplus lubricant 
into the housing at the rear, 
where it joins the oil which 


VALVE DATA 


Inlet Exhaust 


Material 
Head diameter 
Throat diameter 
Stem diameter 
Seat angle 
Valve seat material 
Spring material 
Spring rate: 

inner 


outer 
Spring length, free : 

inner 

outer 


Spring length, installed : 


inner 
outer 
Surge frequency : 
inner 
outer 
No. of coils : 
inner 
outer 
Coil diameter : 
inner 
outer 
Wire diameter : 
inner 
outer 
Valve lift 
Rocker ratio 
Valve crash speed 
Valve guide length 
Valve guide inside and 
outside diameters 
Tappet clearance 
Valve opens 
Valve closes 


En 18S En 52 
1-8444-1-848 in 1-594-1-598 in 
1} in in 
0-3735-0:3745 in 
90 deg valve, 89 deg seat 
In head 
En 49D 


55 lb in 
82 lb in 


1-679-1-709 in 
2:082-2-112 in 


43 in 
#3 in 


15,700 c.p.m. 
14,200 c.p.m. 


64 
54 


0-906 in 
1-28 in 


0-116 in 
0-160 in 
0-475 in 
1-296:1 
3,400 r.p.m. 
2 in 


0-375 in and 0-625 in 
0-010 in hot 


12 deg B.T.D.C. 47 deg B.B.D.C. 


mediate ones are 1;4 in long 
and the rear one is ljin 
long, while their diameters 
are each stepped down by 
0-01 in as compared with 
that of the adjacent bearing 
in front. This arrangement, 
of course, facilitates the 
assembly of the shaft into the 
crankcase from the front. 
The cam characteristics are 
given in the table. 

Whereas the earlier Per- 
kins engines had long tappets 
with an adjusting screw in 
the top end, the stems of the 
En 32B mushroom type 
tappets in the R6 are only 
3% in long and they are 
hollow to carry the short 
push rods. This change was 
made primarily to enable 
tappet adjustment to te 
effected more easily with a 
screwdriver and spanner, but 
it also has the advantage of 
reducing the weight of the 
valve operating mechanism 
in this higher speed engine. 
The tappet stem outside 
diameter is jin and _ its 
inside diameter is 1% in, 
while the length of the bore 
in which it bears in the 
cylinder head is 1j in. The 
diametral clearance is 0-001- 
0-00325 in. A circlip round 
the top end of the tappet 


is splashed directly in from 
the timing case. 

By means of a weir at the 
front, the oil level in the drive housing 
is maintained at such a level that 
adequate lubrication is furnished for 
the rear bearing. Behind the rear 
bearing there is a rectangular section 
cast iron thrust ring located between 
a shoulder on the spindle and a Seegar 
circlip at the back. Axial location is 
effected at the rear by this thrust ring 
and at the front by the pressed-on 
sprocket; both componenis bear against 
the adjacent bosses that carry the 
spindle. To the rear of the thrust ring 
is a lip type oil seal housed in the 
casting and bearing on the spindle. 

The high camshaft arrangement has 
been adopted because it appreciably 
lightens the valve operating mechanism. 
It does, however, involve the use of 
a fairly long timing chain. Nevertheless, 
at the relatively low speeds at which 
diesel engines of this type operate, as 
compared with petrol units, difficulties 
associated with chain surging and other 
vibrations are relatively easy to over- 
come. The half-speed wheel has 40 
teeth and is spigoted on to the 1} in 
diameter front end of the camshaft, and 


apart. The angle subtended between 
the centre of the wheel and the centres 
of adjacent holes in each group is 
28 deg, so that by changing the bolts 
from one hole to the next, the angular 
setting between the wheel and the cam- 
shaft is altered by 2deg. Still finer 
adjustment may be obtained by moving 
the sprocket round one tooth, that is 


47 deg 12 deg A.T. 


prevents it from falling out 
when the cylinder head is 
removed. Holes drilled 
diametrically through the stem near 
the base drain away excess oil that may 
run down the push rods. 

The effective length of the push rods 
is 5thin, and their diameter is } in. 
They are made from cold drawn, 
straight carbon steel with a carbon 
content of 0-37-0-42 per cent. The ball 
end at the bottom and the cup end at 


The hottest parts of the cylinder head, the combustion chambers and exhaust ports, are 
grouped together so that it is a relatively simple matter to direct cooling water over them 
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Set screws in the tops of the pedestals locate the rocker shaft 


the top of each rod are upset and cyanide 
hardened. A case hardened, En 32A 
tappet adjusting screw seats in the cup 
end and is carried in the rocker in the 
usual manner, and locking is effected 
by a lock nut. 

The rockers are of En9S and the 
end pads which bear on the valve stems 
are induction hardened. Each rocker is 
carried on a lead bronze lined, steel 
bush, jin long. The case hardened 
En 32 rocker shaft is outside 
diameter by ,« in inside diameter. It is 
carried in bosses in seven LM4M or 
ILL.M6M die-cast pedestals, each of 
which is held down by one {in 
diameter stud. Four of the studs are 
extended to secure the LM4M rocker 
cover. Fibre washers are fitted between 
the in diameter nuts on tie cover, 
and the joint washer on the head is of 
paper faced cork, } in thick. 

Axial location of the rocker shaft is 
effected by set screws in the top of 
each of the bosses on the pedestals. 
The ends of these screws project into 
radial holes in the shaft, and they posi- 
tively position each pedestal in the 
rocker sub-assembly so that final 
assembly to the head is a simple and 
speedy operation. The rockers are con- 
strained against the pedestals at the 
front and rear, and against distance 
tubes which space them away from the 
other pedestals, by compression springs 
round the shaft. These springs are used 
without the end washers that are 
employed in some designs. 

All the valves are positioned vertically 
in line in a plane offset towards the 


inlet side of the plane in which the 
cylinder axes lie. The amount of offset 
is <4, in; it is incorporated primarily to 
shorten the rockers, but it also pro- 
vides adequate clearance between the 
valve seats and the combustion 
chamber port. The distance between 
the inlet and exhaust valve stem axes 
is 2;4 in. When the valves are open, 
their heads are about 3s in clear of the 
cylinder walls. The coned faces cut in 
the combustion chamber end of the 
ports are considerably wider than is 
necessary for the valve seats, but the 
actual seating width is restricted by a 
groove cut round the centre of the face. 
This groove provides clearance for the 
lower part of the valve head which, 
when seated, does not project below the 
cylinder head joint face. At the same 
time, the general shape of the seat is 
such as to give a good orifice coefficient. 
Counterbores, in the lower ends of 
the valve guides, in some degree shield 
the stems from direct contact with the 
exhaust stream. In addition, any carbon 
that may be deposited on the stem is 
confined in the counterbore without 
detriment to the bearing portion of 
the guide. The upper ends of the guides 
are coned to assist in preventing an 
excessive amount of oil from running 
down between the working faces. A 
collar formed about ; in below the top 
end furnishes positive axial location 
and at the same time forms a seat on 
which the inner valve spring bears. 
The outer spring rests directly on 
the cylinder head and is located round 
the collar on the guide. The upper ends 
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of both springs are held by a stepped 
washer used in conjunction with split 
collets on the valve stem ends which 
are flame hardened to a Rockwell C 
hardness figure of 53-55. Further 
details of the valves, guides, springs 
and timing are given in the table. 


Cylinder head, manifolds and 
injection equipment 

A cast iron cylinder head is em- 
ployed. It is closed at the rear by a 
4 in thick steel plate, and at the front 
by a }1in thick steel plate, to which is 
bolted the coolant pump and water 
outlet casting. This open ended layout 
has been adopted because it permits 
easy withdrawal of the cores after 
casting. The overall depth of the head 
casting is 3} in, and the overall width 
is 9iin. Twenty-nine, 1% in diameter 
En 18T holding-down studs are used, 
and a copper and asbestos gasket is 
fitted at the joint face. Twelve of the 
holding-down studs are of extra length 
to secure the injectors, which are 
mounted on the top face of the casting. 

The inlet ports are served from an 
induction gallery cast partly in the 
right-hand side of the head and partly in 
the LM4M induction manifold casting. 
A Klingerit, 3's in thick joint washer is 
fitted between the manifold and the 
head. On top of the manifold, a 
separate bolted-on aluminium casting 
forms the butterfly housing and carries 
the adaptor for the pipe to the 
governor. The ,%s in diameter spindle 
of the control valve bears directly in 
the casting. Two diametrically-opposed 
slots are machined in the spindle, and 
two tongues formed in the pierced 
centre of the butterfly valve engage in 
the slots. This arrangement is a simple 
and inexpensive means of securing the 
butterfly to the spindle. An A.C. oil 
bath air filter is fitted on top of the 
butterfly housing. 

The exhaust ports are siamesed and 
pass out of the head between the com- 
bustion chambers. This layout groups 
together the hottest parts of the head 
and thus simplifies the problem of 
distributing cooling water over them. 
The B.S.1452, grade 12, exhaust mani- 
fold is bolted on together with copper 
and asbestos joint washers. Lugs on 
cach side of these washers are slotted 
vertically, and the lower ends of the 
slots are open so that they may be 
dropped on the studs from above 
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A cross-section of the cylinder head, showing the porting and combustion chamber arrangements 
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instead of being passed over the ends 
of the studs as would be necessary if 
the lugs had holes in them, as in the 
more usual arrangement. The branches 
of the manifold are turned upwards to 
give access for removal of the combus- 
tion chamber caps. This layout has an 
additional advantage in that it removes 
the hot manifold as far away as pos- 
sible from the injection equipment. 

The combustion chambers are of the 
Perkins patent, Aeroflow design. They 
are more or less spherical in shape, 
with an elbow-shaped transfer passage 
communicating with the cylinder. Each 
combustion chamber is cored and 
machined in the head, and closed by 
an En5B_ bolted-on cap. A copper 
seating washer is fitted between the 
head and the cap. 

A two-spray injector is employed. It 
discharges into the elbow of the trans- 
fer passage and directs one spray of 
fuel into the swirl chamber and the 
second down the transfer port into the 
cylinder, thus combining the flexibility 
obtained from a swirl chamber with the 
efficiency of the direct injection type 
head. For cold starting, a Kigass pump 
supplies diesel fuel through a sprayer 
nozzle in the induction pipe. Part of 
the spray is directed on to a hot plug, 
and the remainder vaporizes in the 
manifold. The fuel is ignited by the 
plug and the burning mixture is drawn 
into the cylinders to warm the induc- 
tion system and combustion chambers. 

C.A.V. injection equipment is em- 
ployed. A BFP/K22 P68 fuel lift pump 
supplies fuel through a F2/2 paper 
filter. The paper element has a life of 
15,000 to 20,000 miles, after which it 
should be replaced. A BFJSJI/501 
pre-filter is also employed. The injector 
nozzles are the BDL 105S 6125 type. 
They operate at a working pressure of 
120 atmospheres and the spill timing 
is 24 deg B.T.D.C. 

The BPE 6A P320 $6302 injection 
pump is mounted on a bracket bolted 
to the side of the crankcase. A BP/ 
BMN 80A/114, pneumatically operated 
governor is fitted, but it has been found 
desirable to incorporate a cam-operated 
damper effectively to eliminate surge 
at low speeds. Apart from the cam 
actuation, this damper is similar to that 
employed on the P6 where it is simply 
an adjustable, spring loaded peg which, 
in the idling position, bears against the 
centre of the rear face of the diaphragm. 
However, because of the higher spéeds 
and greater rotational inertia of the 
R6, it has been found impossible with 
such a simple arrangement to give 
satisfactory operation at idling speeds 
without detriment to performance at 
high speeds on light load, that is, on 
over-run. Accordingly, in the R6 the 
peg and spring are carried in a thimble 
that is free to slide in its housing. The 
adjusting screw is in the end of the 
thimble. The whole assembly is 
engaged by a cam connected to the 
engine butterfly control linkage. This 
cam pushes the assembly forwards 
into operation when the control is in 
the slow running position, and with- 
draws it when the butterfly is open. 
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Oil pump and lubrication system 

The oil pump drive arrangement is 
entirely different from that employed 
on the P6. The unit is mounted imme- 
diately below the crankshaft front main 
journal bearing where it is secured by 
two ; in diameter set bolts, one on each 
side, passed through lugs on the cast 
iron pump casing and _ screwed 
vertically into the front wall of the 
crankcase. It is a gear type unit, driven 
at 0-883 times engine speed. The gear 
axes are in a vertical, longitudinal 
plane, with the driven gear immediately 
below the driving one. This arrange- 
ment obviates the necessity of having 
to line up the oil pump drive with the 
injection pump drive and casing as is 
necessary in the P6, in which the oil 
pump is in the sump, below a similar 
injection pump drive unit from which 
it is driven. It also avoids the use of 
two spiral gears, a long spindle and a 
tubular housing with its sealing 
arrangements. 

The 3fin diameter straight spur type 
driving gear on the crankshaft is of 
En 8, while the 4} in diameter driven 
gear is of B.S.1452, grade 14 cast iron. 
Because of the restricted space avail- 
able, these gears have a tooth length of 
only } in. The driven gear is pressed 
and keyed on to the jin diameter 
spindle formed integrally with the En 6 
pump gear. This spindle is carried on 
two phosphor bronze bushes, } in long, 
one supported in the front cover and 
the other in the rear cover of the pump. 
The centre portion, or pump body, is 
a through-milled component, in 
long. Five set bolts, passed through 
from the rear and screwed into the 
front cover, hold the assembly together. 
Accurate location of the covers is 
ensured by two dowels passing right 
through the pump body and engaging 
in holes in each cover. The pump idler 
gear, also of En6, is carried on a jin 
diameter B.S.1452, grade 14 spindle, 
pressed into the rear cover. 

The sump, which has an oil capacity 
of three gallons, is reversible. That is, 
it may be fitted with the well at the 
rear, should it be necessary to provide 
more clearance at the front to suit 
certain installations. If the sump is 
required to be fitted in the alternative 
manner, a hole must be machined in 
the boss at the shallow end and a dished 
cover plate fitted to clear the oil purnp. 
It is also necessary to fit to the pump a 
longer suction pipe to reach the well 
at the rear. 

The LM4M sump well is a separate 
component bolted up to the main body 
of the sump. It contains a strainer of 
84} in’ area. A spring round the two- 
piece suction pipe holds the strainer 
down on a seating cast integrally in the 
well. The upper end of the spring 
bears against a two-piece flange, which 
connects the lower piece of the jin 
diameter suction pipe with the upper 
portion above the level of the face 
joint. This joint has been incorporated 
so that the sump may be removed more 
easily from installations in which space 
is restricted. The other end of the suc- 
tion pipe is belled and secured to the 


pump inlet by means of another flange 
which is bolted to the pump body. A 
spring loaded, ball type oil relief valve, 
set to lift at about 60 lb/in?, is carried 
in the pump body.  By-passed oil is 
returned direct to the sump. 

From the pump, the lubricant passes 
through another } in internal diameter 
pipe to a point on the right-hand side 
of the crankcase immediately below the 
centre crankcase web. Both end fittings 
on this pipe are of the flange type 
similar to those on the suction pipe. 
From the connection under the crank- 
case web, the lubricant passes through 
a Vokes full-flow filter bolted to the 
side of the crankcase. Thence it passes 
through a drilling to a 1% in diameter 
gallery, level with the lower ends of 
the cylinders. It will be remembered 
that in the P6, the gallery is served by 
an external pipe connection. The 
change is in conformity with the 
modern tendency to eliminate as many 
such connections as possible, because 
of the danger of failure of the lubrica- 
tion system as a result of a_ pipe 
breakage. 

The main journals are served by | in 
diameter ducts drilled from the gallery 
in the crankcase web. Holes drilled in 
the crankshaft distribute the lubricant 
in the usual manner to the big ends, 
and the small ends are lubricated by 
splash. A pipe, } in internal diameter, 
carries oil from the forward end of the 
gallery up to the front camshaft bear- 
ing. A flat is machined in the bearing 
in such a manner as to connect inter- 
mittently as the camshaft rotates, the 
oil inlet with an outlet in which is 
screwed an adaptor for another pipe up 
to the right hand side of the cylinder 
head. 

Thence, the lubricant is carried 
through a duct in the head and then 
through another pipe secured to an 
adaptor inside the rocker cover, to a 
banjo assembled on the rocker shaft 
immediately in front of number 3 
pedestal. It then passes into the shaft, 
whence it is fed through radial drillings 
to the rocker bearings. A hole in the 
top of each rocker allows oil to pass 
out and drain down the rocker arms 
to lubricate the end pads. The 
lubricant drains from the head into the 
camshaft cell where the level is main- 
tained by weirs at the front and rear 
ends, to provide for the lubrication of 
the second, third and fourth camshaft 
bearings, and the cams. 

An additional weir is incorporated in 
each of the webs carrying the inter- 
mediate bearing bosses, to ensure that, 
regardless of the gradient on which the 
engine is operating, each bearing and 
all the cams are adequately lubricated. 
The overflow from the front weir 
drops on to the timing chain, and that 
from the rear passes down a cored 
passage, in the right-hand rear corner 
of the block, to the crankcase. When 
an exhauster pump for vacuum assisted 
brakes is fitted, it is served by an 
external pipe connection from the 
sump, the oil being drawn up by the 
exhauster suction, and the flow 
regulated by a metering hole. 
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Water pump and cooling system 

The water pump is belt driven, at 
14 times engine speed, by the B.S.1452, 
grade 14, pulley on the crankshaft. This 
pulley is 5jin diameter. The belt is 
‘sin wide by thick and _ its 
V-angle is 42 deg. The 3} in diameter 
B.S.1452, grade 12, driven pulley is a 
one-piece casting keyed-on to the pump 
spindle and secured by a nut on the 
i in diameter extension of the spindle. 
A 17in diameter, 6-bladed pressed 
steel fan is spigoted on to the front of 
the pulley, and held there by four 
i, in diameter set bolts. 

Two ball bearings, spaced with their 
centres 1 in apart by a tubular distance 
piece, carry the ;% in diameter spindle 
in the LM4M pump casting, which is 
integral with the water outlet. The 
space between these two bearings is 
packed with grease on assembly, and 
no further servicing attention is 
required. Both bearings are assembled 
from the front into their housing in 
the casting. The outer race of the rear- 
most bearing is located against a 
shoulder in the casting while that of 
the front bearing is held in position by 
a circlip. The inner races, together 
with the distance piece between them 
and a second distance piece between 
the pulley and the front bearing, are 
pulled up against a } in diameter collar 
round the spindle by the nut on the 
iin diameter threaded front end. 

A felt seal housed in the casting bears 
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on the collar. Behind the collar, the 
spindle is {in diameter and carries a 
pressed-on En 2 thrower ring working 
in a drainage space. To the rear of this 
drainage space is a_ spring-loaded, 
rubber water seal which incorporates 
a moulded-in, carbon thrust ring that 
bears on the rotor. This rotor is 3} in 
diameter and is made of B.S.1452, 
grade 12. It is pressed on to the rear 
end of the spindle. ‘Tapped holes for 
an extractor are incorporated in its 
boss. 

The shroud portion of the rotor is 
at the back and runs in an aperture in 
the rear wall of the casting, where it 
is in direct contact with the water 
passing through the outlet from the 
cylinder head. There is no difficulty in 
maintaining a fairly close clearance, 
about in, between the periphery of 
the rotor shroud and the casting, so 
there will be no appreciable leakage 
between the pump outlet and the main 
water outlet. This arrangement has 
been adopted because it reduces the 
overall length of the pump unit and 
economizes in material. 

Coolant is circulated from the pump 
through an external elbow connection 
to the water gallery on the left-hand 
side of the cylinder block. This gallery 
is tapered from the front to the rear 
so that the water is forced through the 
outlet ducts more or less uniformly 
along the length of the block. If the 
gallery were not smaller towards the 
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rear, there would be a tendency for 
the coolant to flow straight back and 
for the bulk of it to pass up through 
the rearmost ducts. 

The outlet ducts direct the coolant 
round the combustion chambers and 
exhaust ports, thus ensuring adequate 
cooling of these, the hottest parts of 
the head. Small holes in the inner wall 
of the gallery also serve the cylinder 
barrel water jackets, whence the coolant 
passes up into the head. In some 
installations, the water outlet at the 
front carries a casting that houses twin 
thermostat valves, set to lift at 65-70 
deg C. These valves should be fully 
open at 80 deg C. 


Electrical equipment 

Electrical equipment used depends, 
of course, on the vehicle installation 
but, in general, the following is 
recommended. A 24-volt battery with 
a capacity of 80 to 90 amp-hr at a 10 hr 
rate should be adequate to serve most 
vehicle requirements. A C.A.V. BS 
524L60 starter is bolted to the front 
face of the flywheel housing. It has a 
pinion with 11 teeth to engage with 
the 126 teeth on the ring gear. A 
C.A.V. 6524-9, or H55 dynamo is pivot 
mounted in the conventional manner 
to provide for adjustment to the belt 
tension. The H55 dynamo operates in 
conjunction with a C.A.V. 202/5 voltage 
regulator, and a C.A.V. 203/1 unit is 
used with the other dynamo. 


INSTITUTION OF MECHANICAL ENGINEERS 


Forthcoming Meetings of the Automobile Division 


The following meetings will be held 
during, October : — 


BIRMINGHAM CENTRE 


Thursday, 15th October, 6.45 p.m. in 
the tames Watt Memorial Institute, York 
House, Great Charles Street. Paper: 
“ The Jaguar Engine,” by W. M. Heynes, 
M.1.Mech.E. 


COVENTRY CENTRE 
Graduates’ Section 

Wednesday, 14th October, 7.30 p.m. in 
the Craven Arms Hotel, High Street. 
Joint Meeting with the Midland Branch 
Graduates in Coventry. Paper: “ Engin- 
cering in Switzerland — With Special 
Reference to the Mechanical Engineering 
Industry,” by 7. R. Guest, B.Sc., 
GA.Mech.E. 


LUTON CENTRE 


Wednesday, 14th October, 7.30 p.m. in 
the Town Hall Assembly Room. Address 
by the Automobile Division Chairman, 
Professor S. ¥. Davies, D.Sc.(Eng.), Ph.D., 
Wh.Ex., M.1.Mech.E., entitled “ Combus- 
tion in Compression-Ignition Oil 
Engines.” 


NORTH-EASTERN CENTRE 

Wednesday, 14th October, 7.30 p.m. in 
the University Chemistry — Lecture 
Theatre, Leeds. Paper: “ Problems in the 
Design and Development of — an 
Economical Automobile Gearbox,” by 
T. C. F. Stott, M.U.Mech.E. 
SCOTTISH CENTRE 

Monday, 19th October, 7.30 p.m. in 
the Institution of Eneineers and Ship- 
builders, 39, Elmbank Crescent, Glasgow. 
Address by the Automobile Division 
Chairman, Professor S. ¥. Davies, D.Sc. 
(Eng.), Ph.D.. Wh.Ex., M.1.Mech.E., 
enutled “ Combustion tn Compression- 
Ignition Oil Engines.” 
WESTERN CENTRE 

Thursday, 29th October, 6.45 p.m. in 
the Grand Hotel, Bristol. Address by the 
Automobile Division Chairman, Professor 
S. Davies, D.Sc.(Eng.), Ph.D., Wh.Ex., 
M.1.Mech.E., entitled Combustion in 
Compression-Ignition Oil Engines.” 


The following meetings will be held 
during November :— 
COVENTRY CENTRE 

Tuesday, 3rd November, 7.15 p.m. 
General Meeting in the Craven Arms 


Hotel, High Street. Address by the Auto- 
mobile Division Chairman, Professor S. F. 
Davies, D.ScEng.), Ph.D., Wh.Ex., 
M.1.Mech.E., entitled “ Combustion in 
Compression-Ignition Oil Engines.” 


DERBY CENTRE 


Monday, 9th November, 7.15 p.m. 
General Meeting in the Midland Hotel. 
Address by the Automobile Division 
Chairman, Professor S. }. Davies, D.Sc. 
(Eng.), Wh.Ex., M.1.Mech.E., 
enttled Combustion in Compression- 
Ignition Oil Engines.” 


LUTON CENTRE 


Monday, 9th November, 7.30 p.m. 
General Meeting in the Assembly Room, 
Luton Town Hall. Paper: “ The Develop- 
ment and of  Power-Assisted 
Steering,” by  F. H. —_Heacock, 
A.M.1.Mech.E., and H. Jeffery, 
A.M.1.Mech.E. 


NORTH-WESTERN CENTRE 


Thursday, 12!:h November, 7.15 p.m. 
General Meeting in the Engineers’ Club, 
Albert Square, Manchester. Paper: “ The 
Development and Use of Power-Assisted 
Steering,” by F. H. Heacock, 
A.M.1.Mech.E., and H. Jeffery, 
A.M.1.Mech.E. 
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OR several 

reasons the new 

Michigan “Ultra- 
Speed” hobbing 
machine recently 
developed by Michi- 
gan Tool Company, 
Detroit 12, Michigan, 
U.S.A., will appeal to 
production engineers 
in the automobile 
industry. In the first 
place, it is designed to 
produce high quality 
work, an essential con- 
sideration for automo- 
bile gears. In addition, 
it has been designed 
and built to allow very 
high production rates 
to be maintained, to 
give long tool life and 
great ease of tool 
changing. Further- 
more, in relation to its 
output potential 
occupies relatively 
smail floor space. In 
brief, it is a machine 
for producing high 
quality work at low 
cost. 

This new machine 
has been designed not 
only to allow full use 
to be made of the 
cutting qualities of 
present-day hob 
materials but also to 
be suitable for 
cemented carbide hobs, if and when 
they are developed. Even with high- 
speed steel hobs the machine can be 
used for cutting steel gears at speeds 
approaching the so-called “carbide 
speeds.” 

The machine cycle is completely 
automatic. Once the work has been 
placed in or on the headstock spindle, 
it is merely necessary to press the 
“start” button to initiate the fully- 
automatic machine cycle. ‘To begin 
the cycle the tailstock moves into place 
under hydraulic pressure, which is 
maintained during the cut. The hob 
and work spindles then start rotating 
in an accurate and timed relation and 
the hob spindle moves forward to 
plunge-feed the hob into the work. 
When the hob has been fed in to the 
pre-set depth, the feed stops and the 
work, still under hydraulic pressure, 
starts to traverse across the hob. After 
the end of the work has passed the 
centre line of the hob, the hob spindle 
quickly retracts from the cut and the 
work returns to the loading position. 
To complete the cycle rotation stops 
and the tailstock centre is automatically 
retracted to allow the machine to be 
unloaded and _ re-loaded. Manual 
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GEAR HOBBING 


A New High Production American Machine 


Outboard bearing support for helical cam 


loading times vary 
from 5 to 15 seconds. 
If one type of gear is 
to be produced in large 
quantities, automatic 
loading or unloading 
devices can be used 
and the times are 
further reduced. 

The increased rate 
of output that is pos- 
sible with the Ultra- 
Speed hobber is not 
solely due to the use 
of higher hob spindle 
speeds and therefore 
faster cutting speeds. 
There are other 
elements of design 
that affect floor-to- 
floor time per gear. For 
example, non-effective 
time in the cycle has 
been lessened by 
greatly reducing the 
total relative travel of 
the hob and work. This 
has been effected 
through the elimina- 
tion of all but 14 in 
approach feed of the 
hob by using two dis- 
tinct separate 
feeds in sequence. 
First there is a plunge 
feed of the hob to the 
correct depth with the 
hob centre-line 1's in 
ahead of the work. 
This is followed by a 
traverse feed of the work across the 
hob to a point 1: in past the centre to 
complete the cut. 

As this machine has been designed 
for the production of accurate com- 
ponents at high output rates, particular 
care has been taken to eliminate vibra- 
tion and backlash. Rigidity has been 
provided not only in the structural 
elements but also in the operating 
units. For example, oversize gears and 
large diameter tubular shafting instead 
of solid shafts are employed to reduce 
torsional deflection to a minimum. 
The heavy-duty hob spindle is 2 in in 
diameter and is free from defiection 
when plunge cutting under heavy feeds 
at high speeds. A flywheel is mounted 
on the hob spindle drive to damp 
vibration. To give additional smooth- 
ness and rigidity, involute splines, 
precision shaved, are used in broached 
bores in place of keyways. Smooth 
running is obtained through the use of 
cone-drive, double-enveloping gearing 
for both the index and main drive 
gears. The wheels in the cone-drive 
are internally adjustable to compensate 
for any wear. Precision shaved helical 
gears supplement the cone-drive reduc- 
tion for the hob spindle drive. Spur 
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Back view of machine, with covers removed to show hydraulic 


control valves 


gears are used for ratio and speed 
changes. 

A helical cam guide on the work 
spindle controls and ensures the 
accuracy of the lead when helical gears 
are being hobbed. This unit has been 
designed to allow a change-over from 
one type of helical gear to another to 
be accomplished quickly. A complete 
guide change to a gear with a different 
helix angle requires only about 20 
minutes. 

The use of positive dual hydraulic 
feeds has greatly simplified the feed 
drive mechanisms; in fact, two-thirds 
of the gears that would otherwise be 
required have been eliminated. 

By means of flow valves the feeds 
are easily regulated to give the desired 
feed per revolution. The feeds are 
infinitely variable to allow the optimum 
rate to be employed for every applica- 
tion, Feeds of more than } in per 
revolution of the work are within the 
capacity of the machine, and the gears 
produced with such heavy feeds are 
well within the tolerances required 
prior to a shaving operation. 

Fine pitch screw adjustments on a 
large screw provide for fast and 
accurate setting both for depth of cut 
and plunge feed. The depth of cut is 
controlled by a handwheel with a 
micrometer dial graduated so that } in 
on the hand wheel is equivalent to an 
increment of 0-001in on the feed. 
Independent switches are provided on 
the control panel for starting the 
hydraulic pump, the coolant pump and 
for tailstock operation. If, for any 
reason, it is desired to interrupt the 


machine action before the cycle is 
completed, the operator merely presses 
a “return” button; the hob then 
immediately retracts from the cut, and 
the work spindle and the tailstock 
centre return to the loading position 
as the machine stops. 

A hob shifter has been specially 
developed for use with this machine. 
It is available as an optional extra. The 
hob shifter is push-button controlled, 
pre-selective and adjustable to 
amount of shift by setting a counter 
dial on the electrical panel to the 
number of increments desired; one 
increment is equivalent to 0-0026 in and 
the total maximum shift is 4in. Dogs 
on the shift drawbar are pre-set to the 
useful hob width. When the hob has 
been shifted—either up or down as 
pre-selected—to an amount equal to its 
effective depth, a warning light on the 
push-button panel indicates the neces- 
sity for changing the hob. 

It is claimed that this machine gives 
production rates comparable with 
those of multi-spindle machines. For 
example, an Ultra-Speed hobber has 
been used to cut simultaneously two 
3, in diameter, 9 pitch gears of 1} in 
total face width. Two machines pro- 
duced 1,050 of these gears in an eight 
hour shift (including time for changing 
dulled hobs), whereas the production 
in eight hours from an eight-spindle 
hobbing machine was only 825 gears. 
Climb hobbing was employed and the 
blanks were mounted on expanding 
mandrels which were actuated by a 
hydraulic cylinder and drawbar 
mounted in the headstock spindle. 


Electrical contro!s and ratio change gears for Michigan Ultra-Speed 


hobber 


The principal dimensions of the 
machine are :— 
Maximum recommended 


gear diameter .. .. 8 in 
Minimum recommended 

gear diameter .. .. lin 
Maximum recommended 

Maximum hob diameter .. 7 in 
Maximum hob length .. 7in 


Maximum centre distance 
between hob and work 
epindies .. .. .. .. 
Minimum centre distance 
between hob and work 
Maximum spindle speed 1000 r.p.m. 
Maximum swing of hob spindle 
35 deg either side of centre. 
Gaston E. Marbaix Limited, Devon- 
shire House, Vicarage Crescent, 
London, S.W.11, are the British agents 
and service engineers for this machine. 


Induction Heating 


E have been asked to draw atten- 

tion to the fact that the radiator 
joint shown in Fig. 11 (b) on page 383 
in the September issue of this journal 
in the article “ Induction Heating” by 
D. Warburton Brown of Delapena and 
Son Ltd., Cheltenham, is the subject of 
British Patent No. 663000 and of 
several foreign patents all held by 
Coventry Motor Fittings Ltd. This 
fact was inadvertently omitted from 
the text of the article. 
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NEW PLANT AND TOOLS 


Recent Developments in Production Equipment 


T the 1952 Olympia Machine 
A Tool Exhibition a Fritz Werner 
size 5 heavy duty vertical milling 
machine arranged for pre-selection ot 
speeds and feeds attracted considerable 
attention. A horizontal machine of the 
same type has now been developed. It 
is illustrated in Fig. 1. This machine 
has been designed not only to make 
use of modern milling methods and 
modern milling cutters but also for 
machining a wide range of materials 
from aluminium alloys, which require 
very high speeds, to the very hard 
Nimonic alloys. The heavy and robust 
construction of the machine gives 
practically complete freedom from 
chatter with consequent good quality 
finish on the work and long cutter life. 
The machine can be arranged for a 
variety of automatic cycles such as 
used in pendulum milling or skip feed- 
ing. Normally, at the start of the rapid 
return of the tabie, the milling spindle 
is braked, thus avoiding marking the 
workpiece. A rise and fall device that 
operates the knee is incorporated in 
the machine. It is fully automatic and 
works conjunction with table 
traverse. In operation it lowers the 
table before the start of the rapid 
return and then raises the table to the 
exact operating height when the table 
has again reached the start position. 
This rise and fall mechanism can also 
be push-button controlled for milling 
in both the longitudinal the 
transverse direction. When it is used 
in conjunction with the automatic table 
cycle, fully continuous milling is 
possible since the table can be loaded 


while the machine 
is cutting without 
there being any 
danger that the 
cutter will foul the 
work during the 
rapid return. A 
backlash eliminator 
is also fitted. 

The machine has 
42 spindle speeds 
from 16 to 1,800 
r.p.m. It has 50 
feed rates from 
sy in. to 80in. per 
minute for all three 
directions. All 
speeds and feeds 
are arranged for 
pre-selection. Feed 
rates. can be 
changed while the 
machine is cutting. 
The change is con- 
trolled by a push 
button fitted to the 
knee and is oper- 
ated by magnetic 
clutches. Electric- 
ally illuminated 
windows fitted to 
the left-hand side 
of the machine in- 
dicate the selected 
spindle speed and feed and also show 
the direction of spindle rotation and 
feed direction. 

A 40 h.p. motor is fitted as standard; 
when low spindle speeds are used the 
transmission automatically adjusts 
itself to the torque required. The two 


Fig. 2. Model 1B capstan lathe. Murad Developments Ltd. 


Fig.1. Werner horizontal heavy duty milling machine. Rockwell 


Machine Tool Co. Ltd. 


gearboxes for spindle speed change 
and feed change are self-contained 
units. Special spindle bearings are 
employed in order to damp out vibra- 
tions. They are automatically pressure 
lubricated. Accuracy of feed disengage- 
ment has been ensured by the use of 
drop worms. Speed and efficiency in 
operating the machine are further 
increased by hydraulic knee clamping. 
This takes place automatically and 
affects all the motions not actually in 
use. Rockwell Machine Tool Co. Ltd., 
Welsh Harp, Edgware Road, London, 
N.W.2, are the sole British agents for 
this machine. 


Murad capstan lathe 


A recent addition to the range of 
capstan lathes designed and manu- 
factured by Murad Developments Ltd., 
Stocklake, Aylesbury, Bucks., is illus- 
trated in Fig. 2. This machine, 
designated the Murad 1B capstan lathe, 
incorporates many features that have 
been fully proved in other Murad 
capstans and also embodies many new 
design features. 

There are 16 spindle speeds available 
in four groups of four speeds, and any 
one of the four speeds in each group 
is available, forward or reverse, without 
necessity for stopping the spindle. A 
two-speed change pole motor drives a 
two-speed gear box, and thence the 
drive is taken to the main spindle 
through a dual vee rope drive. The 
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of automatic feeds 
to the turret slide. 
Six rates of feed 
are available. En- 
gagement by 
drop-worm mech- 
anism and the feed 
is automatically 
released by turret 
slide stops. In addi- 
tion, the feed can 
be released manu- 
ally by the operator 
at any stage. The 
gearbox is driven 
by a separate motor 
through an adjust- 
able spring-loaded 
overload safety 
clutch. All gears 
are automatically 
lubricated by a 
plunger-type cam- 


operated pump. 
The cross slide 


Fig.3. Type SV radialarm drilling machine. Adcock and Shipley Ltd. 


selection of motor speeds is controlled 
through two pedals in a sunk panel at 
the base of the machine. Speed 
changes in the gearbox are controlled 
through a lever. 

There are three control positions, 
high, low and neutral. With the lever 
in the neutral position, inward pressure 
on it applies the spindle brake. The 
brake cannot be applied when the lever 
is in either of the other two positions. 
The brake is automatic in its action and 
is applied when the reversing lever 
reaches the neutral position. It is also 
automatically applied when the motor 
stop button is pressed. 

Another new feature is the provision 


is of substantial 
proportions to with- 
stand heavy cuts. It 


has a_ generous 
length of traverse 
along the 


Large hand wheels, 
widely spaced, pro- 
vide maximum 
operating con- 
venience. Indexing- 
type stop bars 
provide positive control of depth of 
cut in both directions. All the gears 
and bearings in the apron are auto- 
matically lubricated. A four-way tool 
post is standard equipment. 

Two exclusive Murad features, of 
great value to the setter, the swinging 
stop and the adjustable rear tool post, 
are incorporated in the machine. The 
main spindle is flanged and a register is 
provided to allow chucks to be fitted 
without there being necessity for a back 
plate. Dead length collets are employed 
in conjunction with the Murad collet 
mechanism. The collet will admit 
work up to | in diameter and the maxi- 
mum swing over the bed is 11} in. 
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Adcock and Shipley radial drill 

To allow full use to be made of 
present-day cutting materials, Adcock 
and Shipley Ltd., Ash Street, Leicester, 
have modified and improved their range 
of SV radial drilling machines. One of 
the new models is illustrated in Fig. 3. 
As a first step a more powerful motor 
was fitted. This gives 1 h.p. at 450 
r.p.m., 14 h.p. at 710 r.p.m., 2 h.p. at 
960 r.p.m. and 3 h.p. at 1,455 r.p.m. The 
four motor speeds are increased to eight 
spindle speeds by using a back gear. 
The full speed range is from 96 to 
1,455 r.p.m. 

Fitting a more powerful motor has 
necessitated various changes to the 
drive to deal with the extra power 
developed. To avoid any increase in 
weight, extensive use has been made of 
light alloys in the saddle. The oppor- 
tunity has also been taken to rearrange 
the controls on the saddle to give more 
convenient operation. In_ particular, 
the speed selection is simpler, and the 
electric braking to the spindle ard 
tapping reverse control has been 
brought down to the left-hand side to 
leave the operator’s right hand free for 
controlling the spindle feed. 

The lock for the saddle has been 
greatly improved to give an effective 
lock with only light finger pressure. 
In addition, the column and arm design 
have been altered to give greater 
rigidity. This part of the design incor- 
porates a revised bearing arrangement 
to allow the arm to swing more easily 
on the column. It includes a_ ball 
bearing at the top and a precision roller 
chain type of bearing at the bottom. 
This alteration has made a marked 
improvement in the ease of operation. 
A powerful lock ensures there will be 
no movement while drilling is in 
progress. A single clamp, instead of 
two, is now used for clamping the 
elevating column in the outer sleeve. 
The machine uses a portable box table 
20 in x 18 in x 22 in and can be supplied 
either with hand elevation to the 


column or, at a slight extra charge, 
with power elevation by a separate 
electric motor. 


T? meet the need for speedy, flux- 

free spot welding on stainless steel 
and for tack welding on assembly work, 
The British Oxygen Co. Ltd., Bridge- 
water House, Cleveland Row, St. 
James’s, London, S.W.1, have 
developed an Argonarc spot welding 
torch. A major advantage of this 
equipment is that access is required to 
one side of the work only. It can 
therefore be used on joints that would 
be inaccessible to conventional spot 
welding equipment. 

Whereas normal spot welding 
methods call for a comparatively high 
current to raise the contact area to the 
welding temperature, the Argonarc 
torch uses heat from a low current arc 
struck between a tungsten electrode 
and the workpiece. This system of 
fusing the top sheet to the bottom sheet 


ARGONARC SPOT WELDING 


gives a characteristic circular spot 
weld. The arc, the tungsten electrode 
and the weld area are protected from 
the atmosphere by a shroud cf argon 
gas. Automatic operation of the torch 
is provided by an electric timer unit 
by which the arc time can be set to suit 
type and thickness of material to be 
welded. The timer unit also controls 
the after weld flow of argon gas. 
Operation of the equipment is 
simple. The current and arc time are 
adjusted to suit the type and thickness 
of material concerned and the torch is 
positioned over the point at which the 
weld is to be made. To bring the parts 
to be joined into intimate contact, the 
operator manually exerts pressure on 
the torch. The trigger switch is 
actuated and the control then switches- 
on in correct sequence the gas and 


cooling water supplies, followed by the 
high frequency current and the main 
welding power. This is held for the 
pre-set period, at which point all 
supplies are automatically cut off, 
except the argon which is allowed to 
flow until the tungsten electrode has 
cooled. 

An outstanding advantage of the 
Argonarc method of spot welding is 
that it can be used to join thin to thick 
sections. So long as the top sheet is 
not more than ;'s in thick, satisfactory 
welds can be made of sheet to sheet, 
sheet to plate, sheet to angles, tees or 
bars or any other joint calling for 
unequal thicknesses. Metals and alloys 
other than mild and stainless steel can 
also be welded. They include mag- 
nesium, Everdur, nickel-chromium 
alloys and certain brasses and bronzes, 
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CAST TRON BRAKE DRUMS 


Developments in Design and Materials 


E. C. Toghill, M.I.Mech.E.* and H. T. Angus, Ph.D., M.Sc.t 


written and lectures given on 

brake problems over the past 
years, but these have been confined 
either to the brake operating equipment 
or the brake shoe lining materials, and 
it is difficult to find any written work 
on the problems associated with the 
combination of brake friction linings 
and brake drums. It has, of course, 
been realized for many years that the 
retardation of motor vehicles is obtained 
by converting the kinetic energy into 
heat energy. This is effected through 
the frictional contact of friction materials 
(usually asbestos base) and_ the 
brake drum which is generally made in 
some ferrous metal material. The heat 
is finally dissipated to the surrounding 
atmosphere. 

In the first thirty years or so following 
the advent of the motor car it was usual 
to use pressed steel for brake drums. 
In those early days when speeds were 
very low, steel formed a good mating 
material and gave a satisfactory brake 
performance for the necessary retarda- 
tion without raising any heat problems. 
It also set very few problems concerned 
with wear. The friction lining in these 
days consisted primarily of woven 
asbestos fibres bonded together with 
synthetic resin and baked to give a 
fairly solid but flexible material, which 
was subsequently bent round the brake 
shoe and riveted in position. 

Later, as problems began to present 
themselves in connection with the 
disintegration of woven fabric and also 
the loss of friction on wet roads, it 
became the practice to insert metallic 
wire in the woven linings in order to 
bind the material together and to 
maintain the necessary friction quality 
under varying atmospheric conditions. 
As time went on this wire bonding was 
found to cause severe scoring of steel 
brake drums, and harder steels were 
used for the more expensive and faster 
vehicles. 

Progress in the development of the 
motor car resulted inevitably in an 
increase of speed, and brake mechan- 
isms were necessarily made more 
effective fer giving better decelerations 
from higher speeds. As a consequence 
a greater quantity of generated heat had 
to be absorbed and dissipated. This, 
of course, caused higher temperature 
to be reached in the brake drums, and it 
was discovered that steel lost both its 
stiffness and its hardness at high 
temperatures. This led to severe 
distortion and scoring with consequent 
loss of brake torque. Naturally the 


A NUMBER of papers have been 


*Technical Development Engineer, The Midland 
Motor Cylinder Co. Ltd. 

+Development Manager, 
Research Association. 


The British Cast Iron 


driver attempted to rectify this by a 
higher pedal pressure which resulted in 
permanently distorted drums and a 
further loss of brake power even after 
the drums had cooled down and were 
used again at normal temperature. 

It had been realized for many years 
that grey cast iron was an excellent 
braking material that had been used for 
brake blocks on railway rolling stock 
with great success. It is perhaps for 
this reason among others that grey 
cast iron was considered for brake drum 
production for motor cars some 25 
years ago. 

In this country the problem of the 
cast iron drum was approached from the 
viewpoint of providing a _ material 
that was capable of withstanding the 
applied bursting stresses and thought 
was given to the design of the drum as a 
stressed component, rather than merely 
copying the shape of the old type of 
pressed steel dish which lacked stiffness 
under load. It was realized, of course, 
that as a cast component it was possible 
to design an external shape which took 
advantage of the foundry method of 
production and placed the metal in the 
desired position for giving maximum 
strength. 

These earlier cast iron drums were 
found to have no disadvantages whatso- 
ever, as they were easily produced, 
competitive in price, easily machined, 
and gave excellent frictional character- 
istics. They carried the braking load 
without scoring and with no indication 
of any thermal problems, so that it was 
generally agreed that grey iron had 
come to stay. 


Requirements 

The first evidence to suggest that 
brakes were becoming more heavily 
loaded with the advent of the higher 
speeds, was the problem of severe 
scoring of the cast iron drum. This 
was met by increasing the hardness of 
the brake drum material, since it was 
presumed that the scoring was a 
mechanical feature caused by the entry 
of grit or by the products of wear from 
the asbestos base lining. Increased 
hardness was found, to a certain extent, 
to have a beneficial effect and brake 
drum irons of around 18 to 20 tons/sq in. 
and of Brinell hardness 240 to 260 
figure became popular. Further experi- 
ences proved that the wear was asso- 
ciated with temperature effect, and 
better facilities were provided by the 
designer for keeping the drum tempera- 
ture down by the provision of 
cooling ribs. 

Development was continued in colla- 
boration with the manufacturers of 
brake friction linings, Since the 
composition of brake linings was an 


important factor in the wear of drums. 
At this stage metal bonded linings 
began to lose popularity. 

There were many instances also 
where drums were normally worn over 
the greater area of the contact surface, 
but were very deeply scored in line 
with the rivets on the brake shoes, 
even when the rivet heads were still 
below the surface of the lining and there 
was therefore no metal to metal contact. 
In these cases, very often the particular 
geographical area in which vehicles 
were working was found to be critical, 
and certain road materials, which in 
their finely divided form, were found 
to collect inside the rivet head recesses, 
were the cause of excessive grooving. 

It was not long, however, before the 
harder type of iron, although possessing 
superior abrasion resisting properties, 
was found to be more prone to the 
development of thermal checking, parti- 
cularly when used in heavy duty brake 
application, and where there was little 
or no provision for reasonable heat 
dissipation. Isolated cases were noted, 
especially in connection with long 
distance fast passenger vehicle trans- 
port, and the problem was soon brought 
to the notice of the brake drum manu- 
facturers by the various transport 
concerns. Some of these cases were 
found to occur on one wheel only, and 
could usually be traced to maladjust- 
ment of brakes giving a higher loading 
condition on one wheel. This again 
indicated that increasingly heavy duties 
were accentuating the thermal problem. 

This was the position regarding 
brake drum material at the beginning 
of the second World War, when some 
impetus was given to investigation of 
the problem by the enormous increase 
of aircraft being used during this 
period. The required energy absorp- 
tions in aircraft applications gave even 
greater concern to the manufacturers 
than with road vehicles. 

Light alloy wheels with steel inserted 
liners for the brake shoe path were 
almost universally adopted in those 
days for aircraft brakes. However, 
these steel rings gave a lot of trouble 
from heat spotting and distortion, with 
consequent deterioration of the brake 
torque characteristics after a few 
applications at full load. The aircraft 
industry, investigating every possiblity 
for improvement, realized the extent 
to which the automobile industry had 
improved its brake performance by the 
use of grey cast iron for brake drums, 
and started investigations with this 
material. 

Definite improvements were effected, 
but at the expense of weight, this 
particular factor being one that the 
aircraft industry was reluctant to accept. 
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(b) 


(a) 
Fig. 1. Normal structure of brake drum surface, showing random graphite, pearlitic matrix with some phosphide eutectic. Magnification 


Their particular problem when using 
cast iron drums was found to be that 
which was beginning to concern the 
automobile industry in the field of the 
bigger and faster vehicles, that is the 
problem of thermal checking, but 
naturally to a much greater degree. 
Following the line of metallurgical 
reasoning where a certain type of cast 
iron was used for the carrying of molten 
metal because of its property of resist- 
ing thermal shock, the aircraft people 
carried out investigations on com- 
position with very high carbon contents, 
and obtained more satisfactory results. 
They realized, however, that the braking 
efforts required were such that these 
drums were subjected to bursting 
forces that could exceed the strength 
of the material and result in the 
bursting of the drum, because the high 
carbon irons were inherently weak. 

In order to overcome this new prob- 
lem it was considered that it would be 
advantageous to maintain the high 
carbon content but to alloy the material 
heavily with nickel and molybdenum 
and thus bring the strength up into the 
normally accepted region of 15 to 17 
tons per square inch, which had been 
found to be the most effective material 
in motor vehicle applications. This 
was carried out on certain large bombers 
that were being used at the time. 

At first the results appeared to be 
satisfactory, but later experience showed 
that the material, by reason of strength- 
ening up the matrix, had again reverted 
to its previous characteristic of low 
resistance to thermal checking. Further 
work was continued for some time with 
a view to modifying and adjusting 
design with particular regard to the 
type, size and position of heat dissipat- 
ing ribs to reduce the overall tempera- 
ture of the drum, and _ therefore 
increase resistance to heat checking. 
This did not give the desired results, 
and from this stage the aircraft industry 
commenced the development of the 
disc brake which is now being accepted 


(a) ~ 60, (b) ~ 600 


in the aircraft industry as the answer 
to its problems. 

These developments in drum 
materials, were of course, watched with 
great interest by the brake drum manu- 
facturers. They themselves had believed 
that to soften an iron by increasing 
the carbon content, although favourable 
from the point of view of resistance to 
thermal checking, would be extremely 
unfavourable from the point of view 
of reduced strength and resistance to 
abrasion. The company with whom one 
of the authors is connected have 
carried out investigations to satisfy them- 
selves that the alloyed high carbon iron 
would not solve the growing problem. 

However, the reasoning for the 
adoption of the higher carbon iron, 
was and still is considered to be a 
sound one, but a compromise has to 
be found which will give the best 


all-round performance, taking into 
account all the desirable features of a 
brake drum material. 

These qualities include : 

(a) Resistance to scoring 

(b) Maintenance of strength at 

elevated temperature 

(c) Stable coefficient of friction 

(d) Ability to resist deformation 

(e) Good thermal conductivity 

(f) Resistance to heat checking 

(g) Long life with normal wear 

(h) Good damping qualities. 

It is thus seen that there are a 
considerable number of requirements 
to be met, and the choice of material to 
suit all these requirements must result 
in a compromise that will give a fine 
balance of the most important of the 
requirements. The material which has 
proved the most successful all-round 


Fig. 2. Cross-section of heat checked surface of cast iron with under-cooled graphite in 
ferrite. Magnification =< 100 
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composition and is in production by 
most large brake drum foundries will 
be found to have a range of composition 
as follows : 
Total Carbon 
Combined 
Carbon 
Silicon 
Sulphur 
Phosphorus 


3:00-3:50 per cent 


0:55-0:75 per cent 
2:00-2:40 per cent 
0-12 per cent max. 
0-20 per cent max. 

Chromium 0:20-0:40 per cent 

Manganese 0-75-1-00 per cent 

Brinell Hardness 200-240 B.H.N. 

To quote a British Standard Specifi- 
cation as one of the requirements of a 
brake drum material is apt to be very 
misleading since it should be very 
clearly understood that the B.S. Speci- 
fications for cast iron deal solely with 
the mechanical properties of the 
material and not in any way with the 
physical properties. 

The physical properties are of para- 
mount importance and the micro- 
structure is also of great importance in 
assessing the possible value of any cast 
iron under the searching thermal 
conditions to which brake drums are 
subjected. Isolated cases do arise, of 
course, where the tensile strength is 
high up on the list of requirements for 
resisting centrifugal bursting or heavy 
mechanical radial loads, but such cases 
are exceptional and the automobile 
industry is seldom faced with such a 
condition. 

So long as brakes are designed and 
fitted which rely on the conversion of 
the kinetic energy of the vehicle by 
friction into heat energy which requires 
to be absorbed and dissipated through 
the brake drum, it should be fully 
realized that such a part is a highly 
loaded bearing which has to run without 
coolant or lubrication. As such, there- 
fore, it must be accepted as a wearing 
part which should, after reasonable life, 
be replaced. 

This, of course, will bring into 
question the meaning of ‘‘reasonable 
life’, and the various users of motor 
vehicles will each have his own inter- 
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Fig. 3. Heat-treated surface layer in Fig. 2. Magnification - 


pretation of the expression. For ex- 
ample, the average owner of a private 
car, will consider that “‘life’’ means the 
period during which he himself is 
owner of the car, and he would not 
expect during this time to replace 
brake drums. On the other hand, a 
commercial vehicle owner would view 
the life in the number of miles run, and 
might consider 50,000, 100,000 or 
150,000 miles should be obtained. 
Then again, a racing driver would be 
mainly concerned with winning a race, 
and would be satisfied to maintain 
useful brakes with his car during the 
race, and to replace drums before 
another. The following examples may 
be used to illustrate both the duties 
that various types of modern vehicles 
may impose upon the brake mechanism 
and the amount of heat energy to be 
absorbed by the brake drums. 

A popular four seater of quantity 
production weighing say, 2,500 lb. 
complete, and capable of normal 
maximum speed of 60 m.p.h. will have 
a kinetic energy at this speed of some 

,000 ft/lb which is equal to 384 


B.Th.U. of heat energy. 

A high quality special four seater 
sports saloon of say total weight 4,200 Ib 
at a maximum speed of 100 m.p.h., will 
havea kinetic energy of some 1,400,000 
ft/lb or 1,792 B.Th.U. of heat energy. 

A fast passenger service vehicle 
weighing perhaps 20,000 lb, with a 
maximum useful speed of 55 m.p.h., 
will have a kinetic energy of some 
2,000,000 ft/lb, or 2,560 B.Th.U. of 
heat energy to be absorbed. 

These examples indicate where the 
problem is likely to be most severe. 


The properties and construction 
of cast iron 

Although case iron has had marked 
success in meeting the requirements, 
the reasons for its success are only 
partly understood, but are undoubtedly 
largely bound up with the complex 
structure of the material. A typical 
structure of cast iron is shown in Fig. 1, 
which shows a standard brake drum 
material. The micrographs show the 
presence of flakes of graphite in a 
matrix of pearlite, with a small amount 
of phosphide eutectic present as 
isolated lakes. The form in which the 
graphite is present is of considerable 
importance, and Figs. 2 and 3 show 
what is known as the undercooled form 
of graphite, in which the state of sub- 
division is extremely fine. At the same 
time, the matrix in which this under- 
cooled graphite is carried is ferritic and 
not pearlitic. It is possible for both 
forms of graphite and both forms of 
matrix to be present in the same casting. 

The strength of cast iron depends 
upon the character and continuity of 
the matrix which is, of course, affected 
by the amount and disposition of the 
graphite. The effect of the graphite 
itself is not entirely clear. It can act 
as a cushion against thermal shock; it 
undoubtedly tends to reduce galling 
and seizing of the matrix under condi- 
tions of sliding wear by spreading the 
contact area and thereby reducing local 
overheating, and, at the same time, its 
thermal conductivity is considerably 
higher than that of any of the matrix 

' components. 


K 


Fig. 4. Corrosion markings on brake drum || Aes 
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Fig. 5. Corrosion markings of Fig. 4. Magnification - 20 


It is not easy to assess the true value 
of thermal conductivity. The trans- 
ference of heat from the surface of the 
drum to the body of the drum depends 
on this property, and the ability to 
disperse very large amounts of heat 
rapidly is obviously of paramount 
importance in the brake drum. The 
thermal conductivity of cast iron 
increases as the graphite increases. 
The thermal conductivity of the various 
structural constituents in Calories/cm* 
per second per deg C has been given as: 

Ferrite 0:17 
Pearlite 0:12 
Cementite 0-017 
Graphite 0-33 

Although ferrite has a higher conduc- 
tivity than pearlite, it is an undesirable 
constituent in a brake drum, owing to 
its tendency to gall and seize. High 
thermal conductivity would therefore 
appear to be better obtained by 
increasing the graphite content. The 
amount of this increase, however, 
in view of the comparatively small 
amount of graphite present, would not 
appear to be sufficient to account for 
the known property of high granhite 
irons of dispersing very suddenly- 
applied high temperature gradients. 
It seems possible that medium coarse 
random graphite of the type shown in 
Figs. 1 and 9 provides channels of very 
high conductivity, leading from the 
rapidly heated surface to the cool 
underlying portions of the casting, and 
may therefore exert an immediate 
cooling effect out of proportion to that 
which would be expected from an 
examination of the overall thermal 
conductivity. Graphite in this form 
would also be expected to be more 
effective than the fine undercooled 
graphite, shown in Fig. 2 in which the 
flakes are extremely short, and tend to 
enclose tiny units of metal, and there- 
fore to break up their continuity. 
This may partly explain the known 
difference in performance between 
surfaces carrying medium coarse ran- 


dom graphite and surfaces carrying the 
less favourable undercooled graphite. 

Other factors, however, affect the use 
of the material. At temperatures 
above the critical point, for example, 
from 720-820 deg C,ecarbon, whether 
present as cementite or pearlite or 
graphite, will go up into solution and 
with rapid cooling will form hard 
martensite with a very marked volume 
change. The ease with which carbon 
can go into solution is partly governed 
by the form of the graphite, the distri- 
bution of the carbide and the alloys 
present. Thus, fine undercooled 
graphite, of the type shown in Figs. 2 
and 3, by virtue of its greater surface 
area, goes up into solution much more 
readily than the coarser graphite shown 
in Fig. 1. At the same time the 
structure is mechanically weaker. 
Undercooled graphite also tends to be 
associated with free ferrite, and struc- 
tures of this type are known to be more 
prone to scoring and galling, under 
sliding conditions, than structures of 
the former type 
shown in Fig. 1. 

As mentioned 
earlier, the twomain 
causes of failure in 
brake drums are :— 
(i) wearing and 
scoring. 

(ii) heat checking or 
surface cracking. 

Wearing and 
scoring are most 
likely to occur with 
soft iron, coarse 
graphite and a fer- 
ritic matrix, or 
alternatively, with 
undercooled graph- 
ite and a ferritic 
matrix. The most 
favourable combin- 
ation for normal use 
is medium-sized 
random graphite in 
a pearlitic matrix, 
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with a Brinell hardness of 200-240. 

Heat checking, on the other hand, is 
essentially a thermal phenomenon, and 
can be caused 

(a) in brakes which are in repeated 

short-term use, as in City *buses, 
where the drums have no time 
to cool down in between stops, 
but the braking itself is not 
particularly fierce, 

and 

(b) with high speed vehicles, where 

braking loads are very fierce. 

A form of surface marking in motor 
car brake drums occasionally occurs 
which can easily be mistaken for 
surface cracking. This is shown in 
Figs. 4 and 5. Closer examination, 
however, will show that these marks 
are not cracks and may outline the 
rivet holes and shape of the shoe lining 
material. Such markings are probably 
caused when brakes are saturated with 
water and corrosion is accelerated 
electrolytically by the copper rivets or 
other non-ferrous components of the 
shoe lining. 

In the formation of true heat checking, 
however, four ranges of temperature 
may be considered : 

1. Temperatures up to 500 deg C. Local 
or surface temperatures up to 500 deg C 
may produce surface blueing or heat 
spotting, without other structural 
change. 

2. Temperature from 500-720 deg C. 
Prolonged exposure to temperatures 
from 500-720 deg C may result in two 
marked changes occurring : 

(a) Oxidation penetrating down the 
edges of exposed graphite flakes, 
causing both oxidation of the graphite 
itself, and of the adjacent metal. This 
may lead to the formation both of iron 
and silicon oxides adjacent to the 
graphite flake, and also the formation 
of a further structural constituent in 
the adjoining matrix. This oxidation is 
accompanied by growth, since the 
oxides produced have substantially 
lower densities than the original matrix 
material. 

(b) The pearlite undergoes a struc- 


Fig. 6. Structure of heat checked surface, showing graphite flakes, 
heavily oxidized, in a matrix of spheroidized pearlite. Magnification 
« 700 
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tural change known as spheroidization, 
in which the lamellae shown at (b) in 
Fig. 1 gradually ball themselves up, 
and produce a spheroidized structure 
in place of a lamellar structure. Both 
these effects are shown in Fig. 6, which 
was taken from the surface of a heat 
checked brake drum that had been in 
operation in a City "bus. Surface 
hardness with this type of heat checking 
is either normal or slightly below the 
original hardness of the drum. 

3. Temperatures from 720-950 deg C. 
In this range of temperature, carbon, 
whether present as cementite or 
graphite, can go up into solution, and 
if the temperatures are of comparatively 
short duration, so that the back of the 
drum remains cool, release of the 
braking load permits the cool portion 
of the drum to quench the heated 
surface, with the formation of hard 
martensite and a very marked volume 
change Figs. 7 and 14). These photo- 
micrographs show a cross-section of 
heat checked braking surfaces. In 
Fig. 7 the extreme surface is seen to be 
martensitic to a depth of about one- 
hundredth of an inch. Behind this 
light etching band of martensite is a 
dark etching transition zone of about 
the same thickness, merging into the 
unchanged basic structure of the drum. 
The true hardness of the skin may be 
500-600 D.P.N., but hardness tests 
taken normal to the surface may show 
figures from 350-500 D.P.N. under a 
5-Kg load, this lower figure being due 
to the small thickness of the hard layer. 
This structural change probably always 
results in the formation of surface 
cracks (see Figs. 11 and 13). 

4. Temperatures above 950 deg C. If 
the temperature rises above 950 deg C, 
not merely is the rate of solution of 
carbon greatly increased, but any 
phosphide eutectic which is present 
(see Fig. 1) will melt, and absorb carbon 
from the surrounding metal. If chilled 


Fig. 8. Hardened layer as in Fig. 7, showing ternary phosphide 
eutectic in martensitic matrix of heat checked surface. Magnifica- 
tion x 1500 
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rapidly, it will form ternary phosphide 
eutectic, as shown in Fig. 8. This can 
be clearly distinguished from the normal 
form in Fig. 1, and although it may have 
no particular significance from the 
point of view of brake failure, it does 
serve as an index of the temperature 
which has been reached locally on the 
surface. Fig. 3 shows a case where the 
surface temperature has been high 
enough to form martensite, but has 
been too low, or of insufficient duration, 
to form ternary phosphide eutectic. 

There is no reason to suppose that 
surface cracking in cast iron drums 
occurs as a result of the repeated 
stressing of graphite flakes in a normal 
structure, causing an extension of the 
graphite cavity as a crack, although 
this theory has been put forward. 
There is little doubt that cracks are 
formed as a result of surface volume 
changes caused either by oxidation or 
by the formation of martensite and 
aggravated by thermal shock. 

Increasing the graphite content in the 
random form shown in Fig. 1 streng- 
thens the resistance to thermal shock, 
increases the thermal conductivity, 
both general and local, and decreases 
the tendency to go into solution rapidly 
at temperatures above the critical. The 
tensile strength and hardness of cast 
iron are, however, reduced as the 
graphite content increases, so that a 
limit is presented to the increase in 
resistance to thermal shock and the 
increase in effective thermal conducti- 
vity which can be obtained by raising 
the graphite content. Some degree of 
compensation can be obtained by the 
addition of alloys, such as molybdenum, 
nickel, copper and chromium which, 
by increasing the matrix strength, may 
counteract the weakening effect of 
increased graphite. Alloy additions, 
however reduce the thermal conducti- 
vity, and there is a limit to the degree to 
which the loss of strength caused by 
high graphite con- 
tents can be offset 
by increasing the 
matrix strength by 
alloying. 

As mentioned 
earlier, high carbon 
brake segments 
have been employed 
for aeroplane disc 
brakes, in which the 
foregoing compro- 
mise has been par- 
tially effected. The 
segments contained 
were made to the 
following approxi- 
mate composition : 

Total carbon 

3-8-4-0 per cent 

Silicon 

1-2-1-4 per cent 

Manganese 

0-8-0-9 per cent 

Sulphur less than 

0-1 per cent 

Phosphorus _ less 

than 0-1 per cent 


Fig. 7. Heat checked surface of brake drum 

showing a hard martensite surface layer, 

grading out to unchanged structure approxi 

mately 1/60 in below surface. Magnification 
« 60 


Nickel 1:62— per cent 

Molybdenum 0-5—0-7 per cent 

Segments are also made to the same 
composition, but without alloys. 
Brinell hardnesses ranged from 165 
to 195. 

These segments in the disc brake 
resist very fierce braking loads without 
the formation of heat checks or even 
blueing of the surface. The maximum 
strength obtained is of the order of 
15 tons/in*, and the minimum tensile 
10 tons/in?. The microstructure of 
the alloyed iron is acicular. It is 
shown in Fig. 9. In the unalloyed 
iron, the structure is pearlitic, but the 
graphite size is much the same. It is 
significant that in this type of service 
the segments are regarded as expend- 
able, and rapid wear is considered as of 
less importance than the ability to resist 
heat checking. Such a material, for these 
very reasons, would probably be un- 
acceptable as a brake drum in the 
ordinary mass-produced car, where 
failure by heat checking is practically 
unknown, but resistance to wearing 
and scoring is of importance. 
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Fig. 11. Heat checking on the drum shown in Fig. 10 


Fig. 9. High carbon alloy brake segment, showing coarse graphite in acicular matrix. 
Magnification ~ 100 
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From the foregoing, it is evident that 
for any specific service the composition 
of a brake surface must be a compromise 
if reasonable control is to be effected 
over scoring and wearing on the one 
hand, and the tendency to heat checking 
on the other. Scoring and wear, as 
far as they are affected by the cast iron 
itself, are aggravated by the use of soft 
iron, particularly if undercooled 
graphite and free ferrite be present. 
Heat checking and surface cracking, 
however, are much more likely to 
occur in the harder, stronger irons, 
which might be expected to resist 
wearing and scoring. 

Surface cracks themselves will act 
as stress raisers, and in an extreme case, 
as in the test drum shown in Figs. 10 
and 11, can be associated with bursting 
of the drum. This type of failure can 
occur in spite of the fact that the normal 
calculated bursting loads rarely exceed 
1,000-2,000 lb/in?. There is, of course, 
a marked falling-off in strength of all 
materials at high temperatures, but 
even in this case it was evident from the 
microstructure that the back of the 
drum was below a temperature of 
750 deg C, at which temperature the 
short-term strength would exceed 3 
tons/in?. The braking surfaces, how- 
ever, from the microstructure were at 
least 950 degC (Fig. 8), and had 
exceeded 720 deg C for a depth of at 
least 1/60 inch over most of the surface 
of the drum, and there is little doubt 
that the stresses caused by this violently 
applied thermal shock were the cause 
of failure. 

A more normal case is shown in 
Fig. 12. This is a drum which had 
operated several times on a vehicle 
travelling at 100 m.p.h. The surface 
shows numerous uniformly distributed 
heat spots. Close examination showed 
each of these spots to be faintly heat- 
checked, as shown in Fig. 13. In all 
cases micro-examination showed the 
presence of a surface layer of martensite 
—in some cases as shallow as 0-001 in. 
(Figs. 14 and 15). There is some evi- 
dence even in these shallow, rapidly 
produced areas that oxidation has 
occurred along the graphite flakes. 
There is little doubt that at the extreme 
surface actual melting of the metal 
occurs. 

It is important to emphasize these 
points, since under conditions of violent 
braking the initial tensile strength of 
the iron is obviously of less importance 
than its ability to resist surface cracking. 
It is also evident that increasing the 
drum thickness will not prevent the 
possibility of local heat spotting, 
although it will obviously increase 
rigidity and heat capacity. 


Theory of heat checking 


Thermal checking or heat cracking 
is often found to develop from a few 
localized hot spots on the surface of the 
brake drum (Fig. 12). These spots, 
when few in number, will result in 
erratic torque conditions, since they 
may be of measurable height above the 
surrounding metal which has not been 
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subject to anything like the same 
thermal shock conditions. 


Attempts have been made by one of 
the writers to find whether these heat 
spots are due to microscopic differences 
in density of the material in any 
particular area. However, further tests 
after the high spots are removed by 
polishing show that other high spots 
will arise with repeated severe braking 
conditions, but will be indiffering areas 
on the drum surface, thus indicating 
that the condition of the material itself 
is not the cause of the formation of 
heat spots. 

It is known that heat spots will be 
generated under conditions of heavy 
friction loading in most metallic materi- 
als, both ferrous and non-ferrous, and 
it would seem that the formation of 
each spot is due to physical conditions 
of heat flow and is not a function of any 
particular metal structure. The reason 
for the generation of these hot spots is 
not fully understood, but it seems that 
when two pieces of material are rubbed 
together, producing heat by friction, 
the result is not an evenly distributed 
generation of heat over the area of the 
surfaces in contact. On the contrary, 
smaller areas will actually show an 
increased rise of temperature, resulting 
in differential expansion and local 
“upsetting” of the material which, in 
turn, aggravates the loading conditions 
at that particular spot, thus again 
further increasing local pressure and 
temperature. 

Experience with cast iron racing car 
drums that have been proved successful 
have shown the best results are obtained 
by machining the surface of the drum 
and the lining so that the area of contact 
is as near complete as possible. The 
heat spots will then develop, small in 
size and of such quantity that they will 
mottle the whole surface of the drum, 
and with this condition it is possible 
to obtain the maximum results from the 
drum and shoe type of brake under 
severe loading conditions. 


The form of heat checking which 
comes about due to the extended use of 
brake drums under conditions of loading 
that result in general high temperatures, 
but without the extremely high rates 
of energy input that have been previ- 
ously discussed, can be best controlled 
by ensuring adequate heat capacity in 
the drums, and free flow of air for 
cooling. 

As previously mentioned the problem 
of heat checking has been more 
prominent in the commercial vehicle 
field than the private car, and in some 
countries where extremely arduous 
conditions are met with, such as long 
mountain passes of considerable 
gradient, there has been an interest 
shown in the fitting of auxiliary brakes 
for the purpose of maintaining reason- 
able speed on the down grades without 
resorting to the shoe and drum type 
friction brakes, and then using the 
latter brakes as an emergency brake for 
complete stops or retardation of a 
higher order than that required to 
maintain a steady descent. 


AUTOMOBILE 
ENGINEER 


Fig. 12. Characteristic heat mottled brake drum of racing car after several stops from 
00 m.p.h. 


Auxiliary brakes may be of the 
hydraulic type, where a fluid is driven 
through turbine blades and the heat 
generated is subsequently dissipated 
through a normal tubular heat exchange 
unit, or maybe the electro-magnetic 
brake where a disc rotates between 
electro magnets separated by an air 
space. Another method known for 
many years used the engine as a 
compressor by employing a special 
camshaft, and the heat generated was 
dissipated in the normal cooling system. 
A type popular at the present time on 
the Continent is known as the exhaust 
brake system and consists of a throttle 


valve fitted at the exhaust manifold 
which causes a pressure to be built 
up thus turning the engine into a 
compressor. The heat energy from the 
work done is dissipated through the 
normal system. 


Design 

The problems of brake heat dissipa- 
tion and thermal capacity required little 
or no attention in the early days of the 
automobile. They have however 
become more prominent with the 
steady development of the motor car 
and commercial vehicle over the years, 
and when the inherent disadvantages 


: 
Fig. 13. Torn and heat checked surface of the drum shown in Fig. 12. Magnification ~20 ee 
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Fig. 14. Very shallow spot of martensite about 0-001 in deep with 
transition zone approximately a further 0-0015-0-002 in deep. 


Magnification x 100 


of the steel drum had been overcome 
by the use of grey iron castings, 
designers were quick to apply the new 
production technique to suit their own 
requirements. 

The cast drum was obviously very 
much easier to produce in the various 
shapes or forms that the designer might 
consider desirable or necessary for his 
needs, and the first requirement was 
that of stiffness of the drum, which in 


A. 


Fig. 16. Old type pressed steel drum 


the case of a steel pressing could only 
be obtained by a flange at the mouth of 
the drum (see Fig. 16). This was not 
wholly suitable to the drum expansion 
problem under mechanical and thermal 
stresses, and further ribs were added 
along the brake shoe path to maintain 
stiffness across the whole section, and 
prevent the drum from. barrelling 
(Fig. 17), that is, expanding to a greater 
degree at the centre of the section than 
at either end (see Fig. 18). 

The addition of these ribs, moreover, 
afforded a much greater superficial 
area of cooling surface, which again was 
an advantage when speeds and loads 
increased, and temperatures were 
raised. The main disadvantage of such 
ribs was the increased cost of producing 
the drums in the foundry and low cost 
is one of the essential requirements of 
a suitable brake drum, particularly 
when associated with the quantity 
production of popular cars. 

Design of the smaller type of drum, 
therefore, became stabilized to the 
shape shown in Fig. 19 wherein one 
rib is incorporated inexpensively as 
part of the casting, about 1/3 the 
distance along the brake shoe path 
from the open end, which approximately 
balances up the expansion of both open 
and closed ends of the drum under load 
application conditions. This enables 
the drum to be produced with a simple 
machine made mould in two parts, and 
with the use of a solid pattern free from 
loose pieces, thus keeping down the 
cost of production to a minimum. 


Fig. 15. Fig. 14 » 1500 showing untempered martensite at extreme 
edge above graphite flake and tempered martensite and transition 
structure below the horizontal graphite flake 


With most designs, the back plate 
which holds the anchor pins for the 
brake shoe, and also the shoe operating 
mechanisms, is lipped over, and en- 
closes the open end of the brake drum 
as shown in Fig. 20, for the purpose of 
excluding water. In many cases a 
further safeguard is provided by 
machining a small gulley around the 
outside of the outer lip of the drum as 
shown. This allows water to run off 
down the rib into the gulley if the car 


Fig. 17. Drum ribbed to improve stiffness 
and cooling 
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Fig. 18. Barrelling of simple drum under 
heat 


is stationary and under conditions where 
a stream of water is being directed on 
or around the brake mechanism. When 
in motion, of course, the rib, itself, 
forms a very effective ‘‘thrower’’, and 
prevents the water from running inside 
the open mouth drum, into the brake 
mechanism. 

A type of drum which is popular for 
racing car application is shown in 
Fig. 21. It consists of a grey iron cast 
ring machined out to provide ribs both 
for strength and for increased cooling 
area; the ring is machined with a spigot 
on the back face for bolting on to a 
light-alloy plate suitably provided with 
air-flow apertures. The iron ring and 
the light alloy plate are fastened 
together by a number of small size set 
pins and the wearable friction surface 
provided by the ring may be replaced 
when severe racing conditions have 
resulted in thermal checks to an extent 
where it is inadvisable to continue the 
use of the drum. 


Fig. 20. Water excluding device 
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Many ideas have been tried to 
reduce drum surface temperatures 
or with a view to alleviate the main 
troubles. 

Special devices include such innova- 
tions as: 

(a) Metal sprayed surface 

(b) Nitriding 

(c) Light alloy drums with ferrous 

metal inserts 

(d) Floating drum ring 

(e) Inserted copper studs 
but none of these has been found to 
solve the basic problem. In com- 
mercial vehicles and particularly with 
fast long distance coach services, the 
older problem of grooving and scoring 
which engaged the attention of the 
manufacturers some years ago, and 
which was solved by the development 
of a harder iron has been replaced by 
what is considered to be the more 
serious problem of heat checking. This 
is being tackled by attempts to keep 
down localized temperatures, by spread- 
ing the load more uniformly, and 
keeping down the general temperature 
of the brake. 

The virtual standardization, of the 
20 inch wheels for passenger vehicle 
work, coupled with the 17 inch effective 
diameter brake drum give very little 
space for air flow between wheel rim 
and drum and there is little or no 
possibility of a greater cooling area by 
incorporating ribs, as any advantage 
that might be gained is entirely 
destroyed by the lack of any air flow 
through the restricted space (see 
Fig. 22). This condition has led to the 
widespread use of smaller diameter 
brakes, which by the provision of a 
larger natural airspace between the 
wheel rim and drum, actually results in 
an increase of braking efficiency and a 
lowering of all-round temperatures. 

Opinion differs on the subject of 
water exclusion in the commercial 
vehicle field. Some operating concerns 
consider there is a definite advantage to 
be gained by removing the back-plate 
and providing air flow apertures in the 
brake drum, thus enabling a flow of 
air to take place through the brake 
gear, in an attempt to extract some of 
the heat from the friction surface where 
it is generated. 

A more recent development to extend 
the life of the brake drum is to take 
advantage once again of the smaller 
diameter brake gear, and use up a little 
of the extra air space, by providing a 
thicker drum section and, therefore, a 
greater heat reservoir since it is now 
appreciated that the heat capacity of a 
drum is an important requirement. The 
extra weight of metal here performs a 
useful function and should be offset by 
removing metal from other parts of the 
chassis where it can better be spared. 

The methods by which brake drums 
are machined is of utmost importance. 
Naturally the requirements are to 
provide a true surface, as nearly round 
as possible and truly parallel with the 
axis of the wheel, and to provide a 
surface contact over the whole of the 
brake shoe lining. It is of no less 
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Fig. 19. Method of using a rib to balance 
expansion 


importance to obtain the same degree 
of accuracy with the brake shoe lining, 
since localized contact is the cause of 
many of the thermal troubles with the 
brake drum and shoe combination. 


Disc brakes 

Where the extreme conditions of 
operation tend to show that the normal 
shoe and drum type of brake is being 
loaded above the permissible capacity 
and where it is impossible dimension- 
ally to provide more metal as a heat 
reservoir, or greater superficial area for 
heat dissipation, a new form of braking 
is being developed which is a type of 
disc brake known as the “spot” or 
“pad” brake. Disc brakes have been 
tried over the years in various forms 
usually consisting of the full disc with 
equal areas of friction lining and presser 
plate in contact, but these have not 
shown any superior advantage over the 
equivalent size of orthodox drum and 
shoe brake. 

However, the development of the 
aeroplane pad type disc brake where a 
comparatively small area of friction 


Fig. 21. Typical racing car drum 
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the advantage of 
using a pearlitic grey 
iron, of medium to 
high graphite con- 
tent, together with 
other special 
requirements that 
are called for in 
this type of brake, 
and development 
work on_ suitable 
mating materials is 
being carried out in 
collaboration with 
the brake and lin- 
ing manufacturers. 


Testing and 

specifications 

Although much 
valuable work is 
done by dynamo- 
meter testing, and 
it is appreciated 
that the theoretical 
study of the pos- 
sible effect of 
various metal com- 
positions has led to 
much useful work 
in the laboratory, 
the only certain 
way of testing a 
brake drum 
material is by ser- 


vice experience 


Fig. 22. Commercial vehicle application with restricted air flow inder varying con- 


material is pressed against each side 
of annular rings of ferrous material, 
gives definite indication of being able 
to absorb and convert greater quantities 
of energy per square inch of contact 
area than in the normal drum type 
brake of equivalent size without giving 
rise to the formation of heat spots or 
thermal cracks. This type of brake has 
been applied to racing car work where 
the conditions are extremely drastic 
and its future as applied to the high 
speed motor cars or very heavily loaded 
commercial vehicles is being watched 
with great interest. 

Here, as in the case of the drum 
brakes, experience has already shown 


OUR associated journal The Autocar 
will publish three numbers dealing 
with the 38th International Motor 
Exhibition to be held at Earls Court, 
October 2I1st-3lst. Details of these 
special numbers are : — 

October 16th. “ Show Guide.” This 
will be a survey of the cars to be shown 
and a comprehensive preview of other 
exhibits. It will also include a complete 
Buyers’ Guide to the 1953-4 models. 


October 23rd. “ Show Report.” In- 
cluded in this issue will be a stand-to- 
stand commentary, with specifications, 
of all the cars on display. There will 
also be surveys of coachwork, caravans, 
car radios, tyres, accessories and com- 
ponents. In addition there will be an 


ditions. It was in 
this rather laborious fashion that 
in the past many of the brake 
drum materials put forward with 
claims of being the answer to the 
problem of heat checking were found 
to be unsatisfactory. In some cases 
material has been recommended in good 
faith and the customer has been left to 
do the testing which has taken con- 
siderable time and has required experi- 
ence over several years and hundreds 
and thousands of miles to show 
eventually that an advantage may be so 
small as to make a complete change of 
material specification uneconomical. 
Some years ago, many American 
brake specifications called for high 
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strength irons, with considerable quan- 
tities of alloying elements. These were 
found to be unsuitable and the present 
day tendency is to use irons with higher 
carbon contents and lower mechanical 
properties. Recent A.S.T.M. specifica- 
tions call for a minimum total carbon 
figure of 3:4 for brake drums and 
clutch plates, and permit reduction of 
strength to within well defined limits 
for each increase in the total carbon 
figure. The importance of wear resis- 
tance is tacitly assumed by the range of 
hardness figures which are called for, 
which in general range from a minimum 
of 190 up to 240. They recognize, 
however, the importance of suiting the 
type of material to the service in which 
it is employed, and a variety of pro- 
perties, compositions and structures is 
employed for the different types of 
service, ranging from heavy duty to 
light duty. 

There is no comparable group of 
specifications in British practice, but 
it is important, however, that when 
specifications are laid down they should 
call for those properties that are actually 
required rather than those which are 
unessential. 

The foregoing notes have been put 
together in order that the general back- 
ground of the problem could be stated, 
together with the general character- 
istics of cast iron, which, after all, con- 
stitutes the energy-dissipating com- 
ponent of the braking system. In the 
past, it has often happened that a 
material or process which has proved 
unsuccessful in one set of circum- 
stances has proved successful when 
methods of production, conditions of 
use, or economic factors have changed. 
An understanding, however, of the 
basic circumstances of use and of the 
properties of the materials available 
should assist in formulating a satis- 
factory compromise for the conflicting 
properties that are called for. 

The authors would like to thank the 
Directors of their respective organiza- 
tions for permission to use the subject 
matter of this article for publication, 
and also their colleagues for help in 
providing material and photographs. 


MOTOR SHOW REPORTS 


analysis of developments in engines, 
transmissions, frames and _ structures, 
suspension, steering, bodywork, brakes 
and equipment. 

October 30th. “ Show Review.” This 
issue will include a comprehensive 
review of the exhibits and a survey of 
design trends. It will be especially 
valuable for those who are unable to 
visit the Show. 

The “Show Report” number for 
October 23rd will be priced at 2/-; the 
other numbers will be at the normal 
price of 1/-. 

Attention may also be drawn to the 
arrangements made by Motor Trader 
in connection with the Show. On 
October 14th there will be published 


a comprehensive preview of the ser- 
vicing tools and equipment to be 
shown at Earls Court. The Show 
Guide will be published on October 
21st, the opening day of the Show. It 
will contain the kind of information 
that will be of inestimable assistance to 
traders visiting the Show. Floor plans 
and a fully illustrated stand-by-stand 
guide to cars, caravans, coachbuilding 
and marine craft exhibits will be 
included. Then the October 28th issue 
of Motor Trader will give a compre- 
hensive review of accessories and of 
components used by the repairer for 
maintenance and overhaul—or sold by 
him as merchandise. These three issues 
will be of immense value to accessory 
retailers and service stations. 
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STUD WELDING 


A Process with Great Potentialities 


the automobile industry does not 

make greater use of the stud welding 
process. There are many applications 
within the industry for which stud 
welding is extremely suitable. For all 
these, the process would give quicker 
and cheaper production, while for some 
there would be the additional advan- 
tage that the welded stud would be 
functionally better than a stud attached 
by conventional means. It is hoped that 
these notes will lead production 
engineers to investigate and consider 
the possibility of employing — stud 
welding. 

To-day the term “ stud welding” is 
generally used to denote the process by 
which not only studs, but pins and 
other relatively small attachments may 
be welded to the surfaces of metal 
components or structures. This is 
effected by means of a semi-automatic 
apparatus to control the formation and 
duration of a direct current electric 
arc drawn between the stud and the 
structure or parent metal to which it 
is to be welded. 

Heat produced by the arc melts the 
end of the stud and sufficiently melts 
or softens the surface of the parent 
metal structure. After a suitable interval 
of time, which varies as a function of 
the cross-sectional area of attachment 
and the value of the arc current, the 
molten end of the attachment is 
returned to the molten or softened area 
of the structure. The stud and the 
structure then fuse together and solidify 
to a homogeneous combination with 
molecular interlocking. In effect, stud 
welding is a form of metallic arc weld- 
ing which utilizes a similar supply of 
energy to weld an electrode, normally 
an uncoated stud or attachment. 

Originally the process was developed 
for welding brass studs to steel plates 
but eventually equipment was devised 
that could be used for welding ferrous 
attachments to mild steel parent metal. 
This greatly increased the range of 
applications for which stud welding 
could be employed. 


Equipment 

Two portable units are the main 
components of stud welding equip- 
ment. They are a stud welding tool 
and a timing device. A brief descrip- 
tion of the Crompton Parkinson Cyc- 
arc equipment will serve to illustrate 
modern practice. The welding tool 
weighs only 44 Ib and is easy to handle. 
It is operated electro-mechanically and 
is very compact. All the moving parts 
and the operating solenoid are con- 
tained within the body. Adjustments 
for varying lengths of studs up to 4in 
are easily made by sliding a sleeve 
along the cylindrical body of the tool. 
Adjustment for small variations in stud 


I: is a matter for some surprise that 


length is automatic. Change of chuck 
for different stud diameters is easily 
effected. 

The controller is the device which 
automatically controls the welding 
cycle. Only one setting need be made, 
that for the arc duration for the parti- 
cular size of stud to be welded. The 
Cyc-arc controller then controls the 
lifting of the stud, the pilot arc, the 
power arc and the return of the stud. 
It is connected by cable to the welding 
power supply, to the tool and to the 
workpiece, and operates from a separate 
5-amp, single-phase supply provided 
by plug and socket on the Rectifier 
unit. This latter unit has been specially 
developed for Cyc-arc stud welding 
and includes a_ transformer and a 
selenium rectifier. 

With this equipment the whole pro- 
cess is controlled automatically. The 
operator has only to load a stud into 
the tool, then position the tool and 
press the operating button. As soon as 
the button is pressed the full welding 
voltage is applied between the stud and 
the plate but the current is limited to 
a low value. This has the purpose of 
breaking down any moderate surface 
resistance at the point, so establishing 
good conductivity. 

Immediately this condition is estab- 
lished, and not before, the stud is 
automatically lifted from the plate and 
the pilot arc is struck. This is a low 
current arc of extremely short duration. 
It provides an ionized path on which 
the full welding current is imposed. 
The pilot arc cuts out the need for a 
short-circuit between the stud and the 
plate and so avoids overloading the 
welding supply. It means that the arc 
always provides the right degree of 
fusion between the end of the stud and 
its location on the parent metal. After 
an exactly controlled arc duration, 
dependent upon the stud size, the stud 
travels forward at a controlled speed 
to its position on the plate and the arc 
is cut off automatically. 


Studs 

Early in the development of the stud 
welding process it was realized that the 
stud material was important. In the 
first place the chemical composition 
had to be carefully controlled for 
carbon, manganese, sulphur, phos- 
phorus and silicon content. For 
example, a material with a sulphur 
content approaching figures common 
for free machining steels would be 
quite unsuitable for stud welding. 
Apart from its chemical composition, 
the condition of the stud steel is also 
important and considerable care is 
taken to ensure uniformity in physical 
characteristics. 

The shape of the welding end of the 
stud is also important. That generally 


adopted is a comparatively wide angle 
cone, except for welding to very thin 
gauge sheet. In this latter case penetra- 
tion into the parent metal has been 
found to be rather less if a flat, or 
almost flat, ended stud is used. 

When ferrous stud welding was first 
introduced, powdered electrode coating 
was used as a fluxing agent. It was 
formed into a small heap on the site 
of the intended stud weld. However, 
the use of loose flux in this manner 
imposed limitations so far as positional 
stud welding was concerned, and this 
led to the use of flux moulded into 
rings or collars which were slipped over 
the welding end of the stud. These 
rings or collars of flux proved to be too 
fragile for industrial use and eventually 
there was general adoption of a stud 
that carried flux in or on the welding 
end. The welding end of a Cyc-arc 
stud is fluxed by a patent metallizing 
process. 

Following the early use of flux rings 
surrounding the welding end of the 
stud, it became apparent that by using 
a non-hygroscopic ceramic shield the 
access of the atmosphere to the weld 
area would be reduced and the follow- 
ing advantages would be obtained : — 
(1) By virtue of the concentration of 

heat where it is most needed, 

slightly less energy is necessary to 
make an effective stud weld. 

(2) As the molten metal is retained in 
the weld area until solidification, 
positional welding is possible. 

(3) The surplus metal is moulded in a 
shaped recess in the shield or ferrule 
and the resultant fillet is much 
neater. 

(4) There is a reduction in external 
forces tending to deflect the arc. 
These ferrules are produced with small 
radial vents through which slag and 
other impurities in the weld zone are 
blown clear by the vapour pressure 
developed at the temperature of the 

arc. 

Practical considerations 

For practical purposes, the range of 
diameters for studs and fixtures to be 
stud welded is from jin to jin, 
although attachments both smaller and 
larger have been welded successfully. 
It is not necessary that attachments be 
limited to a cylindrical form. Rect- 
angular, elliptical and other sections 
may be equally well secured, with the 
proviso that the ratio of length to 
breadth of welding section shall not 
exceed 4:1. This limit is imposed by 
the behaviour and speed with which 
the arc travels over the surface of the 
welding end; obviously a full area weld 
cannot be obtained unless the whole 
surface of the welding end is raised to 
the molten state. 

To ensure sound results in any 
metallic arc welding process it is neces- 
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sary to provide the electrical conditions 
required for establishing a stable arc. 
With ferrous studs, fluxing assists in 
removing dirt, rust, paint, mill scale 
and other impurities from the weld 
zone, but flux is, of course, ineffective 
unless electrical contact can first be 
established between the stud and plate 
to permit the passage of current and the 
formation of the arc. Cleaning by 
scratch brush, shot blasting or other 
means, is frequently adopted. Where 
this is impractical, a good centre-pop 
mark is usually effective in providing 
the initial electrical contact between 
the stud and the plate. 

For ferrous stud welding where 
maximum pene‘ration into the parent 
metal is desirable, the plate should be 
positive and the.stud negative. In stud 
welding certain non-ferrous metals, 
notably brass, the use of the reverse 
polarity has been found advantageous 
in melting the stud end while leaving 
the plate surface only in a_ plastic 
condition. 

Proprietary mild steel studs may be 
welded satisfactorily to the range of 
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low alloy mild steels with average 
carbon content. Where the carbon 
content exceeds 0-25 per cent, that is 
approaching the range of air-hardening 
steels, resort to pre-heating may be 
necessary to avoid excessive hardness 
as a result of the rapid quench 
unavoidably associated with stud weld- 
ing. Materials normally suitable for 
metallic arc welding are in general 
also suitable for stud welding. 

The accepted ratio of stud diameter 
to plate thickness may be taken as 4:1 
down to a minimum sheet thickness of 
16s.w.g. Below this thickness the ratio 
is reduced to 2:1 until the surface of 
the parent metal opposite to the stud 
weld deforms. In some degree this 
marking or deformation of the reverse 
side may be minimized by conducting 
the heat, generated by the arc, rapidly 
away from the weld area by means of 
steel, or preferably copper, backing 
plates. 

There are few, if any, metallurgical 
problems peculiar to the stud welding 
process which are not met, possibly in 
differing degree, in metallic arc weld- 


OcTOBER 1953 


ing. Owing to the rapidity of cooling 
of the weld metal, because of the small 
total heat input during the process and 
the rapid conduction of this heat away 
from the weld zone through the parent 
metal, the local hardening effect in 
medium carbon and even in low 
carbon steels is more pronounced than 
in metallic arc welding. 

Since stud welding times are in 
general less than one second, the 
equipment is of necessity semi- 
automatic. It is therefore particularly 
suitable for operation by semi-skilled 
labour. The efficiency of the weld is 
in great measure independent of the 
operator’s skill. There are other 
economies in addition to the low-rated 
labour that can be employed for stud 
welding. An actual comparison will 
give some idea of the possible savings. 
The cost of studding a certain com- 
ponent by drilling and tapping was 
£2 7s. 9d. (including labour, materials 
and overheads). There were 58 studs 
to be fixed and when stud welding was 
adopted the total cost was more than 
halved at £1 Os. 6d. 


NO-SCALE FURNACES 


SCALE is formed to a greater or 
lesser degree in all high temperature 
heating operations, and it is estimated 
that at the very least over half a million 
tons of scale is produced annually in 
this country. This represents an enor- 
mous wastage of raw material. When 
a fuel is burnt with air the products of 
complete combustion are nitrogen, 
which is inert, carbon dioxide (CO.) 
and water vapour. Normally, to ensure 
complete combustion an excess of air 
is used—up to 10 per cent or even 
considerably more with some fuel 
systems. As a result 2 per cent or 
more of oxygen as well as carbon 
dioxide and water vapour appears in 
the normal products of combustion. All 
three cause scaling, but it is not often 
realized that both carbon dioxide and 
water vapour are more oxidizing than 
air at temperatures above 1000 deg C, 
and therefore produce more scale. 
On the other hand if carbon mon- 
oxide (CO) and/or hydrogen are 
present in the products of combustion 
they tend to neutralize the oxidizing 
effect of carbon dioxide and water 
vapour, because they are chemically 
reducing gases. Therefore, if a 
“reducing flame,” which means partial 
combustion of the fuel, is used, a 
certain proportion of unburnt fuel 
containing carbon monoxide and 
hydrogen is left behind in the gas and 
the amount of scaling is considerably 
reduced. This, however, is effected at 
the expense of combustion efficiency 
since these unburnt gases pass out to 
the flue without having been used for 
heating. Moreover, by burning with 
air it is impossible to heat steel to 
temperatures of 1000 deg C or higher 
with partly burnt fuel gases and still 
eliminate scaling altogether. This is 


owing to the fact that the proportion 
of carbon monoxide and hydrogen that 
must be left unburnt is so high that the 
amount of fuel burnt is insufficient to 
raise the temperature of the flame to 
1000 deg C. 

The “ No-Scale” system overcomes 
this by using oxygen instead of air for 
the high temperature combustion. With 
relatively pure oxygen it is not neces- 
sary to heat up four volumes of 
nitrogen for every volume of oxygen 
needed for combustion. This makes a 
great difference to the heat require- 
ments. It allows partial combustion to 
be obtained to such a degree that suffi- 
cient hydrogen and carbon monoxide 
can be left in the products of combus- 
tion to counterbalance completely the 
oxidizing effect of the carbon dioxide 
and water vapour, and_ still derive 
sufficient heat from the gas that is 
burnt to attain temperatures in the 
order of 1200-1300 deg C. 

Such partial combustion — with 
oxygen means that approximately half 
the heating value of the gas is left as 
unburnt products; these are burnt with 
air in a second stage combustion, called 
secondary combustion, to pre-heat the 
work or stock to say 650deg C, at 
which temperature there is no appre- 
ciable scaling. The second stage com- 
bustion takes place in the inlet zone 
of a continuous furnace or in a pre- 
heating chamber if a batch furnace is 
used. Heat recuperation is normally 
employed in the system, and the waste 
products from the secondary combus- 
tion serve to pre-heat the gas and the 
oxygen for the primary or high temper- 
ature combustion. 

The efficiency of combustion with 
oxygen is very high. This is due to 
the very small amount of heat taken 


out in combustion products, which are 
only approximately 30 per cent of the 
voiume compared with normal combus- 
tion with air. The process is there- 
fore economical in gas consumption. 

The furnaces are also provided with 
dual purpose burners which will burn 
air/gas or gas/oxygen mixtures and 
normally the furnace is brought up to 
temperature on the air/gas mixture. If 
necessary the furnace can be operated 
as a standard gas-fired furnace, but can 
quickly be changed over to the No- 
scale system by the operation of a 
change-over valve. The burning of gas 
to partial combustion with oxygen in 
the No-scale system produces a quiet 
flame with good radiation characteris- 
tics and gives rapid and uniform 
heating. 

The amount of oxygen used is small; 
generally it represents about four- 
tenths of the total volume of gas. It is 
uneconomic to use bottled oxygen, and 
even the smallest furnaces warrant the 
installation of a liquid oxygen evapor- 
ator plant. If many non-scaling furnaces 
are to be operated, it may be 
economical to install an oxygen gener- 
ating plant. Taking an average of costs 
for oxygen it has been found that the 
oxygen cost in the No-scale system is 
approximately equal to the gas cost. 
The total cost of heating in a No-scale 
furnace is of the same order as the 
cost of running an ordinary non- 
recuperative gas-fired furnace of the 
same capacity. 

This method of heating was deve- 
loped by A. G. Robiette and Metallur- 
gical Engineers Ltd. The licensees for 
the manufacture of batch and relatively 
small continuous furnaces are Royce 
Electric Furnaces Ltd., Sir Richards 
Bridge, Walton-on-Thames, Surrey. 
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A Survey of Modern Practice 


R. H. Warring 


loped by an internal combustion 
engine depends upon four main 
factors—the amount or weight of fuel- 
air charge burnt per stroke; the degree 
of utilization of the potential energy 
of the fuel; the frequency of the work- 
ing strokes; and the’ mechanical 
efficiency of the engine itself. These 
factors, in turn, are influenced by the 
design and construction of the engine, 
operating conditions and adjustment, 
the actual condition of the engine, and 
so on. Whatever particular criterion is 
considered the overall basis of assessing 
the merits cr the performance 
capabilities of the engine remains the 
power which it will develop over a 
useful, or nominal, working range. 
Power itself is a derived function in 
that an engine does not pro- 
duce power as such but. a 
torque or turning moment 
which, applied to a load, is 
made to do work against that 
load. The resultant rate of 
work is then a measure of the 
power of that particular 
engine. Measurement of 
power, therefore, is directly 
concerned with measurement 
of the torque produced at the 
“output” or crankshaft of the 
engine at any particular 
engine speed or, more usually, 
over a range of speeds. The 
actual power developed is 
then proportional to the pro- 
duct of the torque and speed. 


Bi ty in the power deve- 


B.mep. and torque 


B.h.p 


engine will develop under those parti- 
cular operating conditions. Beyond 
this peak both torque and brake horse 
power decrease with increasing r.p.m. 

The development of a complete 
power curve, therefore, demands 
specific torque measurements over a 
range of operating r.p.m., after which 
the product of torque and r.p.m. can 
be plotted against r.p.m., suitably fac- 
tored, to indicate the power perform- 
ance. This means, in effect, the applic- 
ation of a variable load to the engine 
(by means of which the r.p.m. can be 
varied) or utilization of the throttle 
control against a fixed or variable load, 
with means of direct measurement of 
torque developed at any particular 
stage. This, in practice, resolves itself 
into some form of brake with which 


Actual 


Hydraulic dynamometers were intro- 
duced in 1877 and until comparatively 
recently were the only practical com- 
mercial machines available for general 
use. They have been developed to the 
stage of producing extreme accuracy 
over a wide range, with models speci- 
fically proportioned to suit engines of 
almost every possible kind and _ size. 
The smallest types made are capable 
of accurate power determination down 
to less than 1 b.h.p., whilst the largest 
may be called upon to absorb up to 
60,000 b.h.p. In general, design require- 
ments for a range of 2 b.h.p. to 4,000 
b.h.p. remain substantially unaltered 
(only the overall size of the unit pro- 
gressively increasing). For the absorp- 
tion of greater powers a somewhat 
modified form of rotor and/or control 

gear design is employed. 

The semi-electric or eddy- 
current dynamometer is a 
comparatively recent innova- 
tion. It has been developed by 
the Dynamatic Corporation of 
the United States and their 
licensees Heenan and Froude 
in this country. The first 
eddy-current dynamometer to 
be installed in England was 
put into service in 1939, since 
which time it has _ received 
widespread recognition and 
approval and has become 
standard equipment for many 
test plants, particularly those 
handling aircraft engines. 

The main difference 


From purely mathematical 
considerations the power or 
brake horse power of an 
engine varies as the product 
of the speed (revolutions per minute) 
and the brake mean effective pressure 
(b.m.e.p.) or the mean effective pres- 
sure in the cylinders, allowing for 
power losses due to internal friction of 
the various moving parts (that is, an 
interior “ braking” load). Under ideal 
conditions the b.m.e.p. is independent 
of r.p.m., that is, it is constant. Hence 
the torque is constant and the product 
of b.m.e.p. (or torque) and r.p.m. is a 
straight line curve—Fig. 1. In practice, 
however, the weight of the charge 
cannot be sustained indefinitely with 
increasing r.p.m. (although this can be 
prolonged by careful attention to the 
design and finish of the ports and 
passages, valve timing, etc.) and torque, 
as a general rule, decreases progres- 
sively with increasing r.p.m. Over the 
design range of operating r.p.m. the 
torque curve is appreciably straight. 
The bulk of the power curve is then 
also appreciably straight, eventually 
flattening out into a peak, which is the 
maximum power which that particular 


Fig. 1. 


R.p.m 


the load applied to the engine crank- 
shaft can be varied and the turning 
effect or torque applied to that braking 
load by the engine readily indicated 
or measured. Quantitative measure- 
ment of the braking effort is not 
required—only the resulting r.p.m. and 
corresponding torque. 

Machines of this type are known 
generaily as dynamometers. The first 
dynamometers were crude, employing 
a rope brake or wooden shoes, and 
“weighing” the resulting frictional 
force as a measure of the torque. Such 
a simple system is open to several 
objections, with the possibility of a 
considerable margin of error. Modern 
dynamometers are almost invariably of 
the hydraulic, semi-electric or fully- 
electric type. In the case of the first 
two braking is by hydraulic means or 
electrical eddy-currents, respectively. 
In the fully-electric type the dynamo- 
meter motors the engine and its use is 
largely confined to research purposes, 
used by the engine manufacturers. 


Comparative theoretical and actual power curves 


between the hydraulic and the 
eddy-current dynamometer is 
that the former produces its 
braking effect by circulation 
of water between a rotor and associated 
casing, whilst the latter is braked by 
electro-magnetic attraction produced 
by eddy-currents generated between 
the driven (rotor) and fixed (stator), the 
strength of these eddy-currents, and 
thus the braking effect, being controlled 
by the amount of current passed 
through the field coils of the machine. 
The eddy-current dynamometer has 
the advantage of direct reversibility of 
rotation and lends itself more readily 
to greater flexibility and control. On 
the other hand, for a given b.h.p. duty, 
eddy-current dynamometers are appre- 
ciably more expensive. 

There is no question of any differ- 
ence in the accuracy of the two 
machines. In both cases the full power 
developed at the engine shaft is deter- 
mined in terms of torque, except for the 
virtually negligible fixed losses which 
are not likely to amount to more than 
about } to 1 per cent of the maximum 
torque as absolute maximum. 
Largely the main difference is one of 
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convenience and the fact that the 
operating characteristics of the eddy- 
current dynamometer lend themselves 
particularly well to electronic control 
systems to give, say, load/speed charac- 
teristics particularly suitable for testing 
automobile engines, or in a slightly 
different form, diesel engines for road 
vehicles or similar governed engines. 
The basic design is also well suited for 
operation at high speeds. Usually, too, 
the range of an eddy-current dynamo- 
meter is wider than that of its hydraulic 
counterpart on account of its inherently 
high torque capacity at the lower 
speeds and particularly low power 
absorption at minimum field current 
settings. 

A particular result of the 
introduction of the eddy- 
current dynamometer _ has 
been the fact that the “ small 
user” has been attracted to 
the possibilities of dynamo- 
meter testing. The number of 
garages which undertake 
engine reconditioning,  etc., 
has increased considerably 
during the past few years— 
including even those where 
the number of units dealt 
with is comparatively small. 
The advantages are obvious, 
since determination of the 
power curve of any particular 
engine is a complete check 
on its condition, efficiency, 
and so on. In the case of 
larger garages and overhaul depots, 
especially those concerned with main- 
taining a fleet of vehicles, the advan- 
tages are very real. Power determina- 
tion provides an absolute check on any 
reconditioned engine before re- 
installation in a vehicle and can 
obviate the possibility of a re-fitted 
reconditioned engine again coming 
back to the shops within a short period 
as not up to the required standard. 
Other instances of where substantial 
economies have resulted include the 
tuning of diesel engines for road 
vehicles for most economic perform- 
ance after reconditioning, and so on. 

In such cases it is not necessary that 
an eddy-current dynamometer be 
employed. The cheaper hydraulic 
dynamometer selected for the same 
power range will do an equivalent job 
but the favourable control 
characteristics of the eddy-current 
type naturally render it more attractive. 
It seems fairly safe to say, in fact, that 
the eddy-current dynamometer has 
done much to popularize the dynamo- 
meter as a_ useful, or even essential, 
part of the workshop equipment and 
that the cost of the initial installation 
may be the deciding factor between 
the two types. 

Broadly speaking the operating 
requirements are essentially similar, 
whichever type of dynamometer is 
employed. The engine is supported on 
a suitable cradle of heavy design, 
properly secured and correctly aligned 
with the dynamometer. Dynamometer 
shafts are not designed to take heavy 
bending loads and so correct alignment 
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between engine shaft and dynamo- 
meter shaft is very important, employ- 
ing either a flexible coupling (where 
perfect alignment is necessary) or 
universally jointed cardan shafts where 
there may be some slight variation in 
alignment. 

Both forms of dynamometer, too, 
require a water circulation system, 
water being both the braking and 
cooling fluid in the case of the 
hydraulic dynamometer and the cool- 
ing fluid in the case of the eddy- 
current machine. This water needs to 
be free from mechanical impurities 
and should be slightly alkaline in 
nature to inhibit corrosion, etc. Most 
water systems are recirculating, calling 


A. Casing. 8. Double-sided rotor. C. Sluice gates, 


Fig. 2. Diagrammatic arrangement of hydraulic dynamometer 


for some suitable form of cooling the 
water. Virtually all the work done by 
the engine, it will be appreciated, is 
transformed into heat which is dissi- 
pated by the coolant. Other test shop 
requirements are described in more 
detail later. 


Hydraulic dynamometers 

The principle of operation of the 
hydraulic dynamometer is shown in 
simplified form in Fig. 2. The shaft 
is driven by the engine and js fitted 
with a double sided rotor cast with a 
series of vanes forming elliptic pockets. 
The rotor fits inside a casing also pro- 
vided with similar vanes and pockets 
but with opposite pitch (i.e. opposite 
hand). The space between rotor and 
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B. Stator. C. Eddy-current coupling 
D. Toothed rotor. 


A. Field cor! 


Fig. 3. Diagrammatic arrangement of eddy- 
current dynamometer 
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casing is then normally filled with 
water. 

On rotation, water from the pockets 
in the rotor is thrown into the pockets 
in the casing, thus being given a 
marked vortex flow and setting up an 
appreciable hydraulic resistance or 
braking effect. The amount of inter- 
action or the degree of braking 
experienced is controlled by means of 
sluice gates fitting into the space 
between the rotor and casing (each 
side). These gates can be opened or 
closed while running to control the 
amount of hydraulic braking by virtue 
of blanking off or increasing the rela- 
tive areas of vortex-forming pockets 
exposed. In other words, there is a 
minimum vortex strength, 
and thus a minimum of 
hydraulic braking, when the 
sluice gates are fully closed 
and the rotor pockets are 
completely blanked off from 
the casing pockets. Over the 
complete range of adijust- 
ment, from sluice gates fully 
closed to fully open, a pro- 
gressively increasing range of 
braking is possible, usually 
by means of a _ handwheel 
operating mechanical move- 
ment of the gates. The 
remaining controls are then a 
water inlet and water outlet 
valve, controlling the actual 
flow of water through the 
machine. The range of the 
machine is determined by the size and 
shape of the rotor and casing. Water 
flow adjustment is principally con- 
cerned with maintaining a steady outlet 
water temperature, which is normally 
of the order of 140 deg F. 

The mechanical effect of the 
hydraulic braking action is akin to that 
of a fluid flywheel. The casing, in other 
words, tends to rotate in the same 
direction as that of the rotor (and 
engine shaft). The casing itself is 
therefore suitably pivoted so that it is 
free to take up this rotary motion, 
although so constrained that the actual 
amount of rotation is very limited. The 
force tending to produce this rotation 
is the complete torque or turning force 
generated by the engine crankshaft, less 
certain mechanical losses inside the 
engine, and so simple measurement of 
the balancing force to keep the casing 
from rotating is a measure of the torque 
generated by the engine shaft. In prac- 
tice this torque is measured by means 
of a balance arm of known length, 
utilizing a known weight (to produce 
a balance of the right order) and a 
spring balance (for convenient 
measurement of changes in the balanc- 
ing force required during a complete 
test), by means of which the “ balanc- 
ing weight” is read off direct. Brake 
horse power being proportional to the 
product of the r.p.m. and torque, the 
following simple formula then applies : 
bh Balancing weight (Ib) x r.p.m. 


where K is the calculated constant for 
a particular machine (33,000 divided 
by 27x moment arm). 
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form in Fig. 3. The 
rotor in this case 
takes the form of a 
long toothed gear 
of coarse pitch, 
revolving inside a 


Permissible 


stator of smooth, 


Recommended—>— 


uniform bore. On 


Max. rotor 
capacity 


capacit 
| 


machines designed 
for high speed 
operation a smooth 
rotor may be used. 
Inset in the stator 
are one or more 


Failure point 


R.p.m. 


Fig. 4. Envelope diagram for the capacity of a dynamometer 


The only mechanical losses, i.e. the 
only part of the power output not 
registered direct by the hydraulic 
braking power are those in the trunnion 
bearings and the effect of external hose 
couplings. All other apparent losses, 
such as friction of the main shaft bear- 
ings and glands, are included in the 
b.h.p. readings since the frictional 
torque on these items reacts on the 
oscillating casing of the dynamometer 
in just the same way as the main 
hydraulic braking. Thus the only losses 
not measured are the trunnion bearing 
friction and any resistance which may 
be present on account of the stiffness 
of the flexible hose between the water 
inlet valve and the casing. In a well 
maintained machine the order of such 
losses is so small, particularly when 
compared with other potential sources 
of error in engine testing, such as 
atmospheric temperature and pressure, 
relative humidity, etc., that they can 
safely be ignored. 

Thus, apart from initial setting-up, 
utilization of an hydraulic dynamo- 
meter involves only a direct reading of 
weights on a spring balance scale (and 
adjustment of fixed weights, as neces- 
sary, tO maintain readings within the 
range of the balance scale) with speed 
control of the engine governed by a 
handwheel operating the sluice gates 
and thus varying the hydraulic braking 
effect. R.p.m. corresponding 
balancing weight having been noted, 
the equivalent brake horse power at any 
speed follows by simple calculation. 


Eddy-current dynamometers 
The principle of the eddy-current 
dynamometer is shown in diagrammatic 


Throttle opening 
constant load 


max.np.m. test 


Nominal Works field coils, circum- 
ferentially wound. 
If direct current is 
fed through the 
field coil or coils, a magnetic field is 
set up in the zone of the rotor teeth. 
If the rotor is made to turn, the teeth 
cut this field, producing eddy-currents, 
which tend to retard motion, by inter- 
acting with the main field concentra- 
tions. The actual resistance to motion, 
i.e. the braking effect produced, is 
directly related to the excitation of the 
field coils or the amount of current fed 
through them. Thus only the simplest 
form of control (to vary the current) is 
required to cover the complete range 
from minimum 
braking to miaxi- 


way, the engine can be run at sub- 
stantially the same speed throughout 
over a range of throttle openings from 
almost completely closed to fully open. 
Similarly, various other characteristics 
can be imparted to the dynamometer, 
as may required, by suitable 
arrangement of the control circuit. 
The principle of measuring the 
braking effect, and thus the engine 
torque, is exactly the same as with the 
hydraulic dynamometer. The stator 
unit is mounted on suitable bearings, 
so as to be free to float in the direction 
of induced rotation and balanced level 
by a yardarm system comprising, as 
before, a fixed weight and a spring 
balance and scale. Like the hydraulic 
dynamometer, too, engine power is 
converted into heat and is dissipated 
by means of a flow of cooling water at 
about the same rate. The cooling water 
is circulated in an annulus through the 
gap between the rotor and _ stator, 
carried round by the rotor teeth. Sub- 
stantially all the water remains in cir- 
culation around the inner periphery of 
the stator of casing and so there is not 
the same need for providing glands on 
the shaft. The presence of water 


between the rotor teeth and the stator 


Throttle opening 


mum braking effect. 
The actual amount 
of exciting current 
is quite small and 
seldom approaches 
one kilowatt per 
1,000b.h.p. ab- 
sorbed. 

It will be appre- 
ciated that there are 
no electrical con- 
nections be 
made with the 


constant load 


Throttle closing 


decreasing load 


rotating parts. The 
only connection 
necessary on_ the 
rotor shaft is a 
mechanical coupling to the engine 
shaft although it has become common 
practice to fit a governor-generator to 
the shaft which, by generating current 
proportional to the shaft r.p.m. can be 
used as a very convenient control 
device. The generated current can, 
for example be fed back into an elec- 
tronic circuit which, in turn, controls 
the field excitation current in such a 
manner that a constant r.p.m. can be 
maintained. Any 
increase in r.p.m. 
detected by the 
control circuit as 
an increase in 
current from the 
generator is imme- 
diately corrected by 
the control circuit 
increasing the field 
excitation to pro- 
duce more braking 
effect and _ thus 
bring the r.p.m. 
down again. Thus 


Fig. 5. 


decreasing load 


Throttle closing 


R.p.m. 


Fig.6. Hydraulic dynamometer operating characteristics 


on test, with the 
control circuit 
arranged in_ this 


R.p.m. 


Eddy-current dynamometer operating characteristics 


does, of course, produce a_ certain 
hydraulic braking effect, similar to the 
action of an hydraulic dynamometer 
but of a much smaller order. This is 
transferred to the casing together with 
the eddy-current braking and so the 
final “balancing weight” represents 
the sum of all the braking effects, 
including shaft bearing friction. 


All-electric dynamometers 

The all-electric dynamometer is 
essentially a motor-generator which is 
particularly suited to engine manufac- 
turers and similar large establishments 
for production testing, etc., since it can 
be used both for running-in and testing 
engines on the same bench, if necessary 
following the running-in process 
where the engine is driven by the 
machine, by a test or series of tests to 
determine the power of the engine. In 
the former case electric current is fed 
to the machine which acts as a motor 
and produces torque at the rotor shaft 
for motoring the engine during the 
running-in period. During this period 
the actual motoring torque being 
applied can be measured at any time 
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and thus the degree of stiffness of the 
engine estimated, The torque required 
to drive a new or reconditioned engine 
falls off with time and a low torque 
figure can be established as appro- 
priate to complete running-in which 
can, if necessary, be signalled auto- 
matically at a convenient control point. 
Other automatic control devices may 
be incorporated to guard against the 
possibility of damage to the engine 
during motoring by shutting down in 
the event of partial seizure, etc.—as 
indicated by an increase in the amount 
of torque required for motoring, above 
a “safe” level. 

If, after a satisfactory period of 
running-in, fuel is fed to the engine 
and it is run under its own power, it 
now drives the dynamometer, In other 
words, torque is now applied to the 
rotor shaft and the machine has 
become a generator. Early practice 
was to measure the current so gener- 
ated and from this compute the power 
developed by the engine (that is, the 
torque absorbed by the machine), but 
this is somewhat inaccurate on account 
of the considerable variations which 
may arise through temperature differ- 
ences, motor efficiencies, etc. For power 
measurement, therefore, it is best to 
ignore the generated current as a 
significant factor and weigh the torque 
generated on the floating field casing, 
as in the case of the other two dynamo- 
meters discussed, The generated elec- 
tricity can, if required, be fed into 
the workshop mains and be used in 
this manner to cut down the demand 
from the external supply. 

To differentiate between the two 
types of all-electric machines, the one 
with a floating casing which weighs 
the input or output torque is called a 
dynamometer, whilst the fixed-frame 
machine from which input and/or 
output torque may or may” not be 
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Fig. 7. 


computed from readings of appropriate 
voltages and currents is called a brake. 
Both are, strictly, motor-generators— 
the main difference being the free 
casing or stator assembly of the 
dynamometer fitted with a yardarm 
weighing device by means of which the 
actual torque imparted to the rotor 
assembly (either to or by an engine on 
test) can be measured at any required 
instant. 

In point of fact this same principle 
applies equally to hydraulic and eddy- 
current machines as well. ‘The general 
principle involved is that a machine 
which absorbs load but has no means 
for measuring the load is a brake; a 


Fig. 8. Dynamatic dynamometer used by Self-Changing Gear Co. for testing rear axle 
gearboxes 
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Typical test house installation for a Heenan and Froude hydraulic dynamometer 


machine with such means, whether by 
torque reaction, electrical meters, or 
anything else, is a dynamometer. 
Units which depend on a calibration 
curve from which load can be read 
off against speed (such as calibrated 
fans) are brakes. Strictly speaking, too, 
a fixed-frame electric machine in which 
load is calculated from volts, amperes 
and electrical efficiencies is a dynamo- 
meter, albeit a poor one. 

In a typical run-in and power test, 
the engine would first be motored by 
the dynamometer until the stiffness of 
the engine had worn off to the required 
degree, that is, a “run-in” torque is 
indicated on the weighing scale. The 
motor would then be started up and 
run under its own fuel for a_ short 
period to allow pistons and rings to 
settle down under the higher cylinder 
temperatures realized with normal 
combustion. After this the throttle of 
the engine can be opened up progres- 
sively for power determinations at 
gradually increasing r.p.m., as neces- 
sary, to complete the testing stage. If 
necessary, the complete run-in and 
power test can be completed in one 
continuous operation, resulting in a 
considerable saving in time. 

The capacity of any dynamometer 
depends upon a number of design 
factors and may, for convenience of 
analysis, be related to an “ envelope ” 
diagram. Any h.p/r.p.m. combinations 
within this envelope may then be con- 
sidered within the range of that parti- 
cular machine. A typical diagram of 
this type is sketched in Fig. 4. 

It is an advantage, as far as possible, 
to work in the upper region of this 
envelope since such fixed losses, small 
as they may be, are then proportion- 
ately smaller. The upper horizontal 
line of the diagram is an arbitrary 
limit, fixed largely by consideration 
of the working life required from the 
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machine, the maximum rate of water 
flow, internal pressure on the casing, 
material specifications, etc. ‘The maxi- 
mum r.p.m. specified tor any particular 
machine is also a nominal limit, fixed 
with an adequate safety margin in 
mind. Works testing of new machines 
would include a proving run at twenty 
per cent overspeed. 

Theoretically at least, it should still 
be possible to utilize the dynamometer 
within the range outlined by the upper 
triangular section, at the expense of 
decreased working life, etc. Bearing in 
mind the advantage of working near 
the upper limits of the basic envelope 
many dynamometers are, in fact, oper- 
ated within this upper region, but not 
too far above the arbitrary upper 
horizontal limit. 

The difference in operating charac- 
teristics of the hydraulic and eddy- 
current dynamometers are most clearly 
summarized in diagrammatic form, as 
in Figs. 5 and 6. From Fig. 5 it will 
be appreciated that the eddy-current 
machine is particularly suitable for 
constant speed testing in which the 
throttle can be varied over a wide range 
which, with corresponding reduction in 
excitation of the field coils, permits a 
constant r.p.m, figure to be maintained 
over something like 75 per cent of the 
throttle range. 

With the hydraulic dynamometer 
(Fig. 6) the same balance cannot be 
maintained and so a typical acceleration 
curve angles sharply away from the 
vertical. This makes the type rather less 
suitable for testing engines fitted with 
a governing device, for example, most 
commercial diesels, where the 
“throttle ” is merely an adjustment of 
the governor setting. The eddy-current 
dynamometer fitted with a governor- 
generator becomes, in effect, a self- 
governing machine. 
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Test installations 

Besides the dynamometer _ itself, 
however, a complete test equipment 
requires a number of other accessories, 
not the least being an adequate ventila- 
tion system for the test shop and 
similar items of convenience and 
necessity such as warmth for cold 
weather operation, adequate lighting, 
a suitable means of transporting 
engines up to and away from the test 
bed, etc. These, for convenience, can 
be grouped into requirements basically 
related to the dynamometer itself and 
those of a more overall nature. Some 
installations of Heenan and Froude 
dynamometers are shown in Figs. 7, 8, 
9 and 10. 

A cradle of suitable proportions to 
suit the type of engine being tested— 
or an adjustable cradle to handle a 
variety of different engines within the 
capacity of the dynamometer—is a 
specialized design problem which is 
normally best left to the manufacturers 
of the dynamometer. Its main object, 
apart from supporting the engine 
rigidly, is to align the engine shaft 
correctly with the dynamometer shaft. 
Flexible couplings of the lightest pos- 
sible type, perfectly balanced 
dynamically, represent the best means 
of coupling engine to machine, with a 
minimum of overhang from the bear- 
ings of the dynamometer shaft. It is an 
interesting point, incidentally, that if a 
conventional type of cardan shaft is 
employed with needle-roller bearings, 
the size of the shaft must be larger than 
would be employed for the same 
engine when installed in a road vehicle. 
Shock loads are greater on a test rig, 
due largely to the absence of the 
cushioning effect of the tyres. The 
main thing to avoid in all installations 
is imposing an appreciable bending 
moment on the dynamometer shaft, 


Fig. 9. Heenan and Froude all-electric dynamometers in the Morris Commercial engine 
factory 


which is not stressed for such loading. 

‘The water supply should not present 
any particular problems, provided 
mains water and adequate drainage are 
available in the test shop. Fluctuations 
in the supply pressure are not desir- 
able and so to maintain a constant 
pressure it is considered good practice 
to feed from an overhead tank with a 
capacity calculated roughly one 
gallon per b.h.p. absorbed fixed at the 
required level above the dynamometer 
to produce the required head or pres- 
sure. The maximum head suitable for 
all normal conditions of testing is 
about 90 feet, or a water pressure of 
40 Ib/in® and the rate of flow, roughly, 
3 to 4 gallons per hour per b.h.p. 
absorbed for teed water temperatures 
circa 60 deg F, increasing to about 
5 gallons per hour per b.h.p. where the 
inflowing water temperature is 90 deg 
lk. A centrifugal pumping system may 
prove an attractive alternative to a 
static supply with elevated feed tank. 

In a good many installations a re- 
circulating water system is used incor- 
porating a water cooler. In such cases 
the cooler can also be employed to cool 
the engine water, rather than relying 
on partial recirculation of the engine 
coolant via a mixing tank topped up 
by the mains supply. Such a system, 
of course, makes the test house largely 
independent of the mains water supply. 
Overall loss from a typical system ts 
not more than about 3 per cent of the 
rate of flow, calling for this make-up 
supply from the mains. 

An integral water system is of par- 
ticular advantage where the mains 
supply may be unsuitable without 
prior treatment, ¢.g. acid in nature 
which could result in corrosion or 
“furring” of the hydraulic system, 
including the dynamometer itself. 

The other major requirements are 
then concerned, mainly, with the 
requirements of the engine on test and 
convenience of its operation. On pro- 
tracted runs, for example, the engine 
oil may need cooling (although — this 
is not normally a problem). If the 
normal engine starter cannot be used, 
some suitable alternative must be 
provided, such as an electric motor 
with a helical claw engaging the free 
end of the dynamometer shaft. ‘Throttle 
and ignition controls (where applic- 
able) call for convenient focation near 
to the dynamometer controls (e.g. the 
handwheel in the case of hydraulic 
dynamometers and the control panel 
with eddy current machines). Efiective 
collection and disposal of the exhaust 
gases is also an absolute necessity, with 
silencing of the engine on test a 
welcome addition. Compact grouping 
of all the controls is not always pos- 
sible but there is a strong psychological 
advantage in making the test routine 
as simple and convenient as possible. 
Apart from the quite appreciable 
difference between characteristic power 
curves of different production engines 
of the same design or (apparently) 
same condition, real errors in dynamo- 
Meter test results are almost invariably 
human errors on the part of the 
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operator. The machines themselves 
have that one outstanding attribute ol 
all good designs—basic simplicity, 
coupled with robustness and extreme 
accuracy. 

As a rough guide to prospective 
users, hydraulic dynamometers are 
available at prices ranging from 
approximately £300 for small 
machine for testing motor-cycle 
engines, small car engines, etc., to 
£2,000 to £3,000 for a large machine 
for dealing with aircraft engines. Eddy- 
current dynamometers are more 
expensive, whilst all-electric dynamo- 
meters cost many times as much as 
hydraulic machines for the same duty. 
To the basic price must be added the 
cost of accessories. 

The author would like to express 
his indebtedness to Messrs. Heenan 
and Froude of Worcester for the faci- 
lities and help given in the preparation 
of this article, and also for the use of 
photographs and certain illustrations 
included. 


PAPER entitled “The Effect of 

Impact Loads on Automobile 
Body Structures,’ by H. C. Johnson, 
is published in an American Society 
of Body Engineers Preprint, October 
29-31, 1952. In it, methods are con- 
sidered of reducing body and frame 
failures caused by severe impact loads 


that arise from road surface 
irregularities. 
The body and frame must be 


designed to damp and resist a certain 
amount of impact, since the spring 
suspension may not absorb severe loads. 
Helpful information for controlling the 
effect of impact loads on body struc- 
tures can be obtained from static and 
dynamic tests of the complete car. 
Static tests, correlated with road tests, 


N an article entitled ‘“ Matching 

Batteries and Starting Equipment,” 
E. A. Hoxie states that to select a suit- 
able storage battery for diesel engines 
it is desirable to know: (1) maximum 
engine breakaway torque, (2) maximum 
rolling torque at recommended crank- 
ing speed, (3) recommended cranking 
speed, (4) required cranking cycle, (5) 
gear ratio when a geared starter is 
used, (6) starting motor characteristics, 
(7) minimum battery operating temper- 
atures, (8) characteristic curves for type 
of battery considered. Breakaway 
torque is the maximum torque required 
to start engine rotation. Both break- 
away and rolling torque values depend 


largely on engine temperature. The 
cranking speed required to ensufe 
starting varies with engine _ size. 
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Fig. 10. 6,000 b.h.p. twin contra-rotation dynamometer 


IMPACT LOADS 


may be used to determine what rigidity 
is needed. This rigidity bears a direct 
relationship to the durability and ride 
performance. On a test car, loads of 
about 2,500 lb caused the frame to rest 
on the front suspension control arms 
and the rear axle housing, and gave 
erratic bending deflection curves. A 
load of 1,500 1b is generally supported 
by the spring suspension on most cars, 
whereas the erratic deflections shown 
under the 2,500lb load indicate a 
tendency of the body-frame unit to 
distort. 

For design purposes, the curves 
obtained with the 1,5001b load can 
be used for the bending stiffness. To 
withstand the bumping through action, 
the bending stiffness can then’ be 


increased as required, the amount of 
increased rigidity being determined by 
the durability cobblestone road test, 
that is, Belgian pavé road. Improve- 
ment is obtainable by (1) interposing 
rubber shims between body and frame, 
(2) extending the brace between the 
dash and chassis frame, (3) fitting a 
horizontal reinforcement between the 
vertical leg of the dash to chassis brace 
and the bottom of the toe-pan, (4) 
welding sheet metal strips to the lower 
surface of the frame between the dash 
and rear pillar, (5) eliminating the body 
bolts between the front and rear 
pillars, (6) suitable stiffening of the 
spring suspension, (7) reinforcement of 
the body mount near the rear axle. 
M.1.R.A. Abstract No. 6280. 


BATTERIES 


While the starting characteristics of 
different engines vary widely, it is 
suggested that the standard cranking 
cycle be adopted, and storage batteries 
be supplied on the basis of furnishing 

} min of continuous cranking, at a 
specified battery temperature, at not 
less than specified cranking speed. To 
determine the current required and the 
minimum voltage at which it must be 
supplied for the duration of the crank- 
ing cycle, a family of curves showing 
starter motor characteristics is required. 
A set of suitable battery characteristics 
curves is likewise necessary to deter- 
mine the size and capacity of battery 
needed. The procedure involved in 
selecting a battery of suitable capacity 
to meet the requirements of a typical 
case is described. A factor of safety 


should be included when the capacity 
to start rotation is determined; about 
25 per cent additional torque is sug- 
gested. 

Battery output in watts changes as 
load is varied, and gradually diminishes 
with time when the load in amperes is 
held constant. Figures show the output 
of the MVAHT Ironclad cell at 32 deg 
F after 5 sec and after 14 min discharge. 
The most economical installation is 
obtained if the starting motor is 
designed to operate at 1-0-1-2 V per cell 
during cranking. The operating range 
of 1-0-1-2V per cell is applicable to 
lead-acid cells in general. Batteries 
giving higher currents at low temper- 
atures will generally have a shorter life 
than those showing greater reduction 
in capacity. M.1.R.A. Abstract No. 6313. 
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CYLINDER LINER DESIGN 


Part Il. The Mechanical Aspects of the Design Problem 


NE of the first questions to be 
settled in the design of an engine 
cylinder block is whether or not 
to use liners. The decision will be 
based on two main factors: first, life 
required, and second, the price to 
which the engine must be designed. In 
the classes of vehicle that normally do 
large mileages, maintenance costs are 
of equal or of greater importance than 
prime cost, and in these vehicles it is 
usual to fit liners. In private cars, 
however, the user is often more 
influenced by the initial price than by 
the frequency and cost of the reboring 
that might have to be done at some 
later date, almost certainly a number 
of years after he has bought the car. 
There are several reasons why 
cylinders cast integrally with the block 
are not ideal from the point of view of 
wear resistance. One is that the irons 
used are required to flow readily into 
the relatively large and complex moulds 
that must be employed, otherwise there 
will be a high proportion of castings 
rejected because of blow-holes and 
other defects. These free flowing 
casting irons are not ideal for cylinder 
bores. Another reason is that sections 
cannot be made uniform, and therefore 
cooling after pouring cannot be con- 
trolled to give an even grain structure. 
Cylinder barrels are necessarily of rela- 
tively thin section in order that the 
water cooling may be more effective 
and also to enable a close cylinder 
spacing to be maintained. On the other 
hand, the cylinder head joint face and 
parts of the crankcase must be of 
thicker section to withstand the loads 
applied by cylinder head holding down 
studs and crankshaft journal bearings. 
Alternative arrangements of the sep- 
arate cylinder block, with or without an 
integral head, to obtain more uniform 
section cylinders, are possible but they 
are generally more expensive than the 
more commonly used integral cylinder 
block and crankcase designs. Moreover, 
the conventional cylinder block, cast 
integral with crankcase, materially 
assists in providing adequate stiffness 
to cater for the main journal loads. The 
metallurgical structure obtained in 
cylinder barrels in integral designs of 
this type generally varies over the 
length. Adjacent to the thicker section 
at the top and bottom, the grain is 
relatively coarse, whereas at the centre, 
where cooling has been more rapid 
after pouring, the grain structure is 
finer, and the material harger. Not only 
does this give uneven wear charac- 
teristics over the length, but also the 
material is softest at the top and bottom 
of the stroke where most of the wear 
normally takes place. 
Because separate liners are of more 
or less uniform section and represent 
only a small proportion of the total 


amount of metal incorporated in the 
cylinder block and crankcase design, it 
is possible to make them from better 
materials without having to pay too 
high a penalty in the form of increased 
costs. Moreover, heat-treatment oper- 
ations are more readily performed on 
liners than on cylinder blocks. It is 
possible to make liners of materials that 
can be satisfactorily chromium plated, 
whereas chromium plated bores in 
integral blocks are difficult to service 
and, in any case, plating does not 
always adhere well to the types of iron 
used for cylinder blocks. Another 
advantage of employing liners is that 
alternatives of different materials may 
be made available to suit different 
vehicle operating conditions. 


Wet or dry 

When a decision to use liners has 
been made, the next consideration is 
whether to fit dry liners or wet ones. 
Probably the strongest argument in the 
favour of wet liners of conventional 
form is that of ease of replacement. 
This is a considerable advantage in 
vehicles for overseas markets and even 
in this country in situations where the 
special tools or equipment needed for 
reboring or for pressing-in and 
removing dry liners are not readily 
available. Another advantage of wet 
liners is that cooling tends to be more 
satisfactory than with dry ones. This 
is partly because of the fact that the 
total wall thickness may be less and 
partly because there is no discontinuity, 
as there is with dry liners, between the 
outer peripheries of the liners and the 
bores in the block. A third advantage 
of wet liners is that if they are held 
only by a flange at the top end, they 


Fig. 8. In the engine of the S-type Bedford 
truck, a slip fit liner is employed 


are free to expand without any restraint 
and are not so liable to be influenced 
below the flange by block distortion. 

Wet liners also have their disadvan- 
tages. A fairly deep flange is necessary 
to withstand the bending loads experi- 
enced in service and the heavy pressures 
imposed on it by the cylinder head 
bolts; this may seriously interfere with 
the cooling at the upper end of the 
cylinder. Moreover, the flange may be 
highly stressed as a result of distortion 
caused, for example, by the cylinder 
head holding down bolts, and fractures 
may occur. It is possible that breakage 
immediately below the flange may in 
some cases be caused by the vibration 
of the relatively free barrel. Under 
these conditions, there would naturally 
be a node adjacent to the flange, where 
fairly high vibratory stresses might be 
induced and cause fatigue failure. 
Residual stresses due to the change of 
section, and stress concentrations may 
also be contributory factors in causing 
failures. 

In order to overcome the difficulties 
associated with the cooling of the flange 
and its seating at the top of the cylinder, 
some liners are designed with flanges 
near their lower ends and seat on 
shoulders near the base of the cylinder 
block casting. At this point tempera- 
tures are much lower and the heat flow 
requirements are not critical. The 
principal disadvantage of this arrange- 
ment is that the liner must be under 
compression and may be adversely 
influenced by block distortion. The top 
end of the liner is held down by the 
cylinder head, and the compression that 
must be exerted at this joint in order 
to ensure an adequate gas seal must be 
considerably in excess of the maximum 
gas pressure. A defect that may be 
experienced is the bowing of the liner 
as a result of lack of parallelism 
between the shoulder on which the 
flange seats and the cylinder head face 
joint. 

With dry liners, the wear resistance 
characteristics are generally much the 
same as those obtainable with wet 
liners made of the same materials. One 
of the advantages of the dry arrange- 
ment is that it is not necessary to pro- 
vide a flange round the liner for its 
axial location in the block. This 
eliminates any possibility of there being 
residual stresses in the liner as a result 
of changes in section. Moreover, the 
machining cperation is simpler so that 
the cost is lower. In many designs, 
however, a flange is provided for posi- 
tive axial location but it does not have 
to be so large as the flange on a wet 
liner. 

Another advantage is that gas or 
water joints are not required, and 
further, the cylinder block is made 
appreciably stiffer by the cylinder 
I 
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barrels, or liner housings, which con- 
nect the top and bottom of the casting. 
Although it is possible to simulate this 
effect by incorporating internal ribs in 
a cylinder block design for wet liners, 
these ribs may tend to obstruct the 
coolant flow. In any case, the overall 
weight of an engine incorporating wet 
liners is generally greater than if dry 
liners are employed. ‘This is because 
of the additional metal required to give 
adequate stiffness to the cylinder block. 

Tne principal disadvantage of dry 
liners is that they may be adversely 
affected by distortion of the block. 
Moreover, they must be pressed or 
shrunk into the cylinder barrel and are 
therefore difficult to remove or replace 
without special equipment. Another 
disadvantage is that the total wall thick- 
ness between the liner bore and the 
surface jin contact with the coolant is 
greater with a dry liner, and there may 
be a discontinuity in the heat flow path. 
In many cases this is to a great extent 
compensated for by the fact that there 
is no flange round the top end to 
restrict the heat flow from. this area, 
which is the most critical in the cylinder 
from the point of view of heat 
dissipation. 

It is most important that the bores 
in the cylinder block are honed true and 
that the outside periphery of the liner 
is accurately ground, otherwise distor- 
tion can take place as a result of local 
over-heating due to ereas of bad 
taermal conductivity between the liner 
and the cylinder block. In a compres- 
sion ignition engine recently tested, it 
was found that improvements in the 
thermal contact between the liners and 
the block lowered the piston tempera- 
tures by 12 to 15 deg C. 

In order to simplify the renewal 
eperation under field conditions, a 
number cf manufacturers have 
employed slip fit dry liners, usually 
with pre-finished bores. In some cases, 
such as in the S-type Bedfords, Fig. 8, 
good results have been obtained, but 
they have not been successful in all 
applications. This design is most likely 
to be satisfactory in cases where the 
cy.inder blocks are kncewn to retain 
their shape, and the amcunt of clear- 
ance round the liners is such that 
immediately the engine begins to warm 
up, the liners expand and bed firm'y 
cgainst the bores in the cylinder block. 
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Fig. 9. The long spigot below the bottom flange of the liner in the Standard Vanguard 
maintains the barrel in a truly vertical position in the open topped block 


This means that the outer surfaces of 
the liners as well as the bores must be 
accurately honed. If these precautions 
are not taken there is a serious danger 
of local hot spots occurring. Moreover, 
if the clearance is too great, chafing 
fatigue may set in. Difficulties are often 
caused by oil drawn up by capillary 
action between the liner and the bore 
in the block. The high temperatures to 
which this cil is subject cause poly- 
merization and carbon formation, 
When the engine cools and the liner 
contracts more oil may be drawn up 
between the metal surfaces and the 
congealed oil and carbon already there. 
‘Tais process is repeated every time the 
engine stops until the liner is firmly 
jammed in the bore so that it can only 
be pressed out, and the whole object 
of employing slip fit liners has been 
defeated. 

When dry liners are employed, they 
may be either bored and honed in the 
block or pre-finished. Opinions are 
fairly evenly divided as to which 
arrangement should be adopted. Scme 
authorities consider that boring and 
finishing operations should be carried 
cut after the liner has been pressed 
into the block, because distortion may 
take place during the pressing-in oper- 


Fig. 10. Machining time and weight are reduced by the adoption of the open topped block 
arrangement as in the Vanguard 


ation. However, on many engines it 
is not uncommon to find 0-004-0-005 in 
disortion in the top end of the cylinder 
after the head has been bolted down. 
Since this is accepted generally with- 
out question, it seems hardly reason- 
able to quibble about distortions of 
0-001-0-002 in that may occur when a 
press fit liner is inserted. Moreover, in 
blocks with integral cylinder barrels, 
distortions due to the seasoning of the 
casting often develop after a_ short 
period of running. This is unavoidable 
unless the block is stored for a long 
period. Such measures are impractic- 
able since they would materially 
increase the price of the product. 

The fit of the liner in the block bore 
is important; if it is too tight, ill effects 
may not be experienced for some time 
but eventually, because of the additional 
stresses applied during the alternate 
heating and cooling of the liner in 
service, a fatigue crack may develop in 
the block. Alternatively, distortion may 
be introduced. The interference fit of 
a flanged cast iron liner in the block 
should be in the order of 0-0025- 
0-0035 in, while that for an unflanged 
liner should be approximately 0-0035- 
0-004 in. Chromium plated mild steel 
liners are often fitted with a low inter- 
ference fit of 0-0015-0-002 in. Some 
liner manufacturers consider that the 
adoption of a light interference fit of 
0-001-0-0015 in is preferable to employ- 
ing a slip fit liner, because it obviates 
the jamming troubles caused by carbon 
formation between the liner and _ its 
Fousing in the block, and at the same 
time it tends to give fewer distortion 
treubles. 


Requirem@tts for different classes 
of vehicle 

Hitherto, the use of liners in private 
cars has not been very widespread. This 
is partly because of the increased cost 
involved and partly because the general 
public has been accustomed to thinking 
of relatively frequent rebores as being 
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the liner. In diesel 
engines, where the 
gas pressures and 
loads generally are 
much higher than 
in petrol units, 
liners are regarded 
by most operators 
and manufacturers 
as being essential. 
Corrosion must be 
guarded against in 
units of this type 
because of the 
sulphur content of 
many diesel fuels. 
When swirl 
chambers in- 
corporated, it is 
wise to ensure, if 
possible, that they 
do not discharge 
directly on to the 
cylinder liner, and 
so create a hot spot 
and cause distor- 
tion. Wherever 
possible, discon- 
tinuities in the 
flange should be 
avoided. Cut outs 
to clear valves, etc., 


cause discontinuity 


Fig. 11. The difficulties associated with the combustion chamber the 
arrangement of the engine of the Ferguson tractor have been 
overcome and a plain flanged liner is used 


an unavoidable part of the automobile 
servicing routine. However, liners are 
increasing in popularity and, as the 
public becomes aware of the advantages 
of the increased bore life that may be 
obtained from the use of liners, the 
demand is likely to increase. 

Stiffness requirements for private 
car engines are not quite so exacting 
as those for heavier duty units, so that 
it is possible to employ wet liners with 
bottom flanges and with their top ends 
bearing against the face joint of the 
cylinder head without being positively 
located in the top face of the cylinder 
block. With this arrangement, the top 
face of the block is relatively open, so 
that not only does this make the coring 
and casting operation easier but it also 
appreciably reduces the weight of the 
unit. Liners of this type usually have 
a relatively long spigot below the flange 
to hold them in the vertical pcsition 
when the head is removed. An example 
of such an arrangement may be seen in 
the illustrations, Figs. 9 and 10, show- 
ing the Standard Vanguard engine. A 
similar design has been adopted for the 
750 c.c. Renault engine, Fig. 13. 

Commercial vehicle petrol engine 
designs call for a stiffer cylinder block 
and crankcase unit than is necessary in 
private cars. Therefore, a closed block 
is normally employed and the top face 
is counterbored to receive the flange of 


of loading, bending 
stresses are induced, 
stress concentra- 
tions may occur in 
the flange, and 
fatigue failures may 
result. | Moreover, 
incorporation 
of large cut-outs at 
the top often results 
in a slight closing 
of that end of the liner and the forma- 
tion of carbon between it and the 
cylinder block. 

An example of the way in which a 
difficult problem relating to the incor- 
poration of a flange of uniform section 
may be approached is the design of the 
Standard diesel engine for the Ferguson 
tractor, Figs. 11 and 12. The combus- 
tion system adopted is the Freeman- 
Sanders arrangement. In this design a 
spherical combustion chamber is incor- 
porated in the cylinder head and it 


discharges into an air cell machined in 
the top of the cylinder block. 

The top of the liner, which is of the 
slip fit type, is flanged in the conven- 
tional manner and seats at a level 
appreciably below the base of the air 
cell. Below the flange, a thin copper 
seating washer is fitted, while on top 
of the flange is a separate cuff ring, 
with its upper face level with the base 
of the air cell. This ring is of slightly 
smaller internal diameter than the 
cylinder bore and is said to control the 
build-up of carbon on the piston land 
above the top compression ring. No 
doubt it also serves to prevent, or at 
least to minimize, any local heating 
effect that might otherwise distort the 
flange immediately below the combus- 
tion chamber and air cell. The air cell 
port in the top of the cylinder bore is 
formed by machining a gap in a second 
cuff ring placed on top of the other one. 
The lower face of the second ring is 
machined to seat on the conical upper 
face of the lower ring, the cone angle 
being inclined in such a direcion as to 
prevent the gap in the cuff ring from 
closing. The whole assembly is held 
down by the cylinder head and gasket. 

In stationary engines, the require- 
ments are much the same as those for 
commercial vehicle units. However, 
weight is not so critical and the 
emphasis is rather on _ longevity. 
Engines of this type are generally 
required to run at maximum rated out- 
put for very long periods without a 
break. These liners are generally heavier 
than for commercial vehicles and are 
of the best quality material. Because of 
the large bore of these units, the rubber 
sealing rings used at the lower ends of 
wet liners should be housed in rela- 
tively wide grooves so that there is 
ample room for growth of the rubber. 
Growth is often caused by the lubricat- 
ing oil or some of the additives in it. 
Liners on a certain engine of approxi- 
mately 6in diameter bore have been 
known to close in as much as 0-005 in 
as a result of the growth of a rubber 
ring in a groove which was designed 
without allowing for this growth. 

For racing applications, the usual 
practice is to fit dry liners because of 
the additional stiffness obtained with 


Fig. 12. The air cells open into the top of the cylinder bores of the Standard engine for the 
Ferguson tractor 
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this arrangement. It is 
recommended that a 
finely divided  alu- 
minium powder in a 
carrier of alcohol type 
be painted on the out- 
side of the liners, in 
order to be sure of 
good thermal conduc- 
tivity between the 
liner and block 
bore. This aluminium 
treatment for cylinder 
liners and for certain 
applications of valve 
seat inserts has im- 
proved thermal con- 
ductivity by as much 
as 20 per cent. 
Aluminium cylinder 
blocks are sometimes 
employed to reduce 
weight. ‘The interfer- 
ence fit needed is 
much the as 
with a cast iron block, 
but dry liners should 
always be flanged 
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process. These nego- 
tations were success- 
ful, and the AI-Fin 
method is used in the 
manufacture of  air- 
cooled cylinders, as 
well as a wide range 
of other components. 

The process con- 
sists essenually in 


when fitted in alu- 


minium. If a wet liner 

is used, a copper seat- 

ing washer should not Fig. 13. 
be fitted under the 
flange because it Is 
unnecessary the 
soft metal of the block and because of 
the danger that it might cause corro- 
sion problems. Owing to the high tem- 
peratures generally reached in racing 
engines, and the consequent tendency 
of the oil to dry off the cylinder bores, 
lubrication is critical, For this reason, 
a surface that will readily retain oil is 
essential. In addition, the cooling 
system should be carefully designed, 
and particular attention paid to direct- 
ing the coolant flow round the top end 
of the bore. 

Liners are sometimes used in air- 
cooled engines. ‘This is because they 
may be employed in conjunction with 
an aluminium cylinder barrel, the 
thermal conductivity of which is far 
superior to that of a cast iron unit. 
Additional advantages of this arrange- 
ment are that better wearing materials 
may be used and replacement is easy. 
The Sunbeam S7 motor cycle is an 
example of this type of design. ‘This 
engine was fully described in the May 
1948 issue of Automobile Engineer. At 
first sight, it would appear that the 
aluminium, because of its higher 
thermal expansion § ccefficient, would 
grow clear of the liner as the tempera- 
ture increased. However, this is not so 
because the liner is at a higher temper- 
ature than the barrel, and even if a 
clearance did develop between the two 
components, the liner temperature 
would increase sull further until it 
expanded to fit the bore of the barrel. 


The Al-Fin Process 
A development that has been made of 
recent years is the bonding of liners to 
aluminium cylinder barrels. This is 
known as the Al-Fin process. Experi- 
ments were being carried out simul- 


In the 750 c.c. Renault engine, an open topped block is employed, and a 
stiffening rib is incorporated above the crankshaft journal bearing between 


numbers 2 and 3 cylinders 


taneously on similar lines by Well- 
worthy Ltd. and the Al-Fin Division 
of the Fairchild Engine and Airplane 
Corporation of Farmingdale, Long 
Island, N.Y., and apparently neither 
company was aware that the other was 
interested in this work. However, the 
Americans were first in the field in 
taking out the patent rights for the 
process. Consequently, Wellworthy 
Ltd. decided to negotiate for an exclu- 
sive licence for the manufacture in this 
country of components made by this 


Fig. 14. Across-secticn of an Al-Fin bond in 
which the bond thickness is about 0-0015 in 


dipping a_ prepared 
liner, usually of 4K6 
specification cast iron 
which will be 
described later, into a 
relatively high tem- 
perature bath of 
molten aluminium. At 
this high temperature, 
the aluminium com- 
bines chemically with 
the iron, and a perfect 
bond is effected, Fig. 
14. After the liner has 
been withdrawn from 
the bath and cooled, it 
is placed in a mould 
and the aluminium 
fins are cast around it. 

Considerable 
advantages are 
claimed for cylinders 
made in this way. For 
a finning area equal 
to that necessary on a 
barrel of ferrous material, a consider- 
ably greater power output may be 
obtained without any increase of 
cylinder temperature. What is perhaps 
more important is that because of the 
high conductivity of the aluminium, 
there is a greater heat flow from the 
cylinder head, which is the critical 
component so far as cooling is con- 
cerned, down to the barrel. Moreover, 
because of the improved heat flow 
down the barrel, the bore tends to 
remain more or less parallel when 
therma! expansion takes place. That is 
to say, the top of the cylinder keeps 
cooler and therefore expands less than 
would be the case with a cast iron 
barrel. 

The rate of expansion of an Al-Fin 
barrel is about mid-way between those 
of the cast iron and aluminium used. 
This means that when aluminium 
pistons are employed, the difference 
in expansion between the piston and 
the cylinder is appreciably reduced, 
so that smaller cold clearances may be 
adopted. In fact, when a design is laid 
out for an engine incorporating Al-Fin 
cylinder barreis, care should be taken 
to call for the appropriate clearances, 
otherwise piston noise and loss of 
efficiency may be experienced. 

It is preferable to hold down 
cylinders of this type by means of bolts 
passed through the cylinder head and 
screwed into the crankcase as in the 
J.A.P. dirt-track model, Fig. 23. There 
are two reasons why this arrangement 
is best: the first is that there is less 
danger of local distortion of the 
cylinder, and the second is that unless 
the aluminium sections are made 
unduly thick, there is a danger of high 
local stresses being set up at the bond 
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and also where the bosses for 
the cylinder head _ holding 
down studs join the barrel. 
Where flanges are incorpor- 
ated round the barrel for 
either cylinder or cylinder 
head holding down bolts or 
studs, it is better that the 
flanges should be of cast iron 
and integral with the liner. 
Fillets of large radius must be 
incorporated between the 
flange and the barrel, other- 
wise air may be trapped at 
the root of the flange during 
the bonding operation. 
Cylinder servicing opera- 
tions on the Al-Fin type of 
barrel are much the same as 
those for more conventional 
units. Reboring may _ be 
undertaken up to a limit of 
0-060 in. Sleeves may be fitted, but 
because of the relatively high rate of 
expansion of the barrel, they should be 
flanged at the top otherwise there is a 
tendency for them to become loose. 


Materials 

The theoretical requirements, so far 
as wear resistance is concerned, for 
cylinder liner materials were discussed 
in Part I of this article. The practical 
ways in which these requirements are 
met will now be enumerated. A wide 
variety of materials have been, and still 
are being, used for liners. Among those 
most widely adopted for automobile 
engines are the cast irons, and most 
are centrifugally cast. However, satis- 
factory results have been obtained with 
sand cast wet liners containing 5 per 
cent nickel. This percentage of nickel 
gives a martensitic structure as-cast, 
that is, similar to that of heat-treated 
cast iron. The structure is hard and 
confers on the material good wear 
resistance properties. Moreover, the 
corrosion resistance is better than that 
of straight cast irons. 

There are two main advantages 
obtained by the use of the centrifugal 
casting process. Firstly, iron moulds are 
employed so that cooling is more rapid 
than in sand casting and a closer grain 
structure is obtained. If the grain struc- 
ture is too coarse, hard particles may 


Fig. 16. C.1.1 hardened and tempered. The large white area B is 
steadite, which is iron phosphide; most of the remaining areas 
are martensite embedded in a tough sorbitic matrix, as shown atA 
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Fig. 15. The grain structure of Wellworthy C.1.1 material in the has 
as-cast condition. Pearlite is represented by the light grey areas, 


and the black sections are graphite 


become detached in service and act as 
abrasives and accelerate wear. The 
second advantage is that slag and other 
impurities are centrifuged inwards so 
that the material is more free from un- 
desirable inclusions. ‘To remove the 
inwardly centrifuged slag, the common 
practice is to machine the bore to a 
depth of about 3mm, whereas only 
2mm of metal is removed from the 
outer periphery. 

One of the most satisfactory materials 
is a cast iron to the Air Ministry 
specification 4K6. This is a_ hypo- 
eutectoid iron with a pearlite matrix 
and a hard network of steadite. Fig. 15 
illustrates the structure of this material. 
The chemical and mechanical proper- 
ties of this iron are similar to those of 
the Wellworthy C.I.1 specification, 
which is as follows: 

Total carbon . 3-5 per cent max 

Combined carbon 0-55-0-80 per cent 

Silicon 2-0-2-5 per cent 

Sulphur 0-10 per cent max 

Phosphorus 0-5-0-7 per cent 

Manganese 0-6-1-0 per cent 

Chromium .. 0-25-0-35 per cent 
Mechanical properties : 

Tensile strength, 

ton/in? 

Brinell hardness 

(as-cast) 235 minimum 

Better wear resistance is obtained 

when liners made to the 4K6 specifica- 


16-0 minimum 


Fig. 17. 


tion are hardened and tem- 
pered, Fig. 16. (It is usual to 
temper to about 400deg C 
which is approximately 100 
deg C above the maximum 
working temperatures likely 
to be experienced.) This is 
because the heat-treatment 
process eliminates nearly all 
of the free ferrite which, as 
explained in Part I of this 
article, is poor so far as 
resistance to scuffing is con- 
cerned. Even when this cast 
iron is tempered back to 
almost the as-cast condition, 
the scuffing tendency is still 
negligible because the ferrite 
been finely dispersed. 
The heat-treatment process 
converts. the pearlite into 
hard martensite embedded in 
a tough but softer sorbitic matrix. 
There is a tendency for the softer 
grains to wear more than the hard ones, 
and this gives a surface having good 
oil retaining properties. Both the as- 
cast and the hardened and tempered 
materials are suitable for wet liners. 
For dry liners of the unhardened 
type, Wellworthy Ltd. recommend their 
eutectoid 2 or Silmocrom, cast iron, 
Fig. 17. The high chromium content 
and the maintenance of close tolerances 
on composition ensure an as-cast struc- 
ture having good wear resistance 
properties. Its specification is as 
follows: 
Total carbon 3-1-3-4 per cent 
Combined carbon 0-55-0-85 per cent 
Silicon 3-0-3-25 per cent 
Sulphur 0-10 per cent 
Phosphorus 0-55-0-70 per cent 
Manganese 0-75-1-0 per cent 
Chromium 0-75-1-0 per cent 
Mechanical properties: 
Tensile strength, 
18-0 minimum 
Brinell hardness... 235 minimum 
Where compactness or light weight 
are important, a cast iron such as 
D.T.D.485 may be used. This material 
has a minimum ultimate tensile 
strength of 26 ton/in*, but in practice 
the figure obtained is usually about 
30 ton/in®. As a result, it is possible 
to reduce the wall thickness of liners 


In the Wellworthy C.1.2 material, the hard constituent is 
the iron phosphide, or steadite, and the matrix is of pearlite and 
graphite. 


(Magnification 500) 
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Fig. 18. The lower edge of this as-cast ring 
has become feathered 


made from it. For example, in a racing 
engine of 85mm _ bore, a_ reduction 
from jin to ;% in wall thickness was 
made by changing from a straight grey 
iron to D.T.D.485. The oil retaining 
properties of this cast iron are better 
than those of the carbon steel materials 
described later. A material that con- 
forms to the D.T.D.485 specification 
is Wellworthy C.1.4 Lymalloy. It is a 
hypo-eutectoid material, with complex 
carbide in a_ pearlitic matrix. The 
specification is as follows : 

Total carbon 2-8-3-1 per cent 

Combined carbon 0-8-1-10 per cent 


Fig. 20. Because of close cylinder spacing, 
excessive pitting occurred on this liner 
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Silicon .. .. 1-9-2-5 per cent 
Sulphur . 0-08 per cent max 


0-30-0-45 per cent 

Manganese . 0-75-1-15 per cent 

Molybdenum . 0-80-1-0 per cent 

Nickel .. .. 0-30 per cent max 
Mechanical properties : 

Tensile strength, 

ton/in®? .. .. 26-0 minimum 

Brinell hardness. . 269-302 

‘This material is a white chilled iron 
in the as-cast condition. In order to 
make it machinable by normal tooling 
,ractice, and also to develop its 
optimum physical and wear resisting 
properties, it is always given a pro- 
ionged high temperature heat-treat- 
ment. This treatment _ reduces 
the Brinell hardness to  approxi- 
mately 300 and modifies the micro- 
structure. 

Phosphorus is added in quantities of 
up to 1-1-2 per cent to cast irons used 
for liners. Not only does this improve 
the fluidity of the iron in the molten 
state, but when it has solidified it forms 
iron phosphide, or steadite, which is 
very hard. In fact, the metal structure 
obtained is similar to that of a bearing 
metal in which a relatively hard and 
brittle constituent is uniformly em- 
bedded in a soft but tough matrix. The 
hard constituent takes the bearing load 
while the soft matrix serves to prevent 
high local loads because it yields under 
pressure. Another effect of steadite is 
to limit the movement of abrasive 
particles should they become embedded 
in the bore. The particles tend to be 
stopped at the steadite grains and to bed 
down level with or below the surface of 
the softer matrix instead of scoring the 
length of the bore. 

Austenitic irons are sometimes used 
because of their corrosion resistance, 
which is several hundred times greater 
than that of ordinary cast iron, but they 
are relatively expensive. The hard con- 
stituent is steadite with some chromium 
carbide, and the matrix is austenite and 


Phosphorus 


Fig. 21. An enlarged section through the pitted part of the wall of the cylinder liner illus- 
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Fig. 19. A hardened and tempered ring 
with undamaged edges 


graphite. A_ typical austenitic iron 
specification is as follows: 


Total carbon 3-1 per cent 
Silicon .. ..  .. 2-1 percent 
Manganese 0-9 per cent 
Sulphur 0-1 per cent 
Phosphorus ... 0-4 percent 
Nickel .. .. 14-0 percent 
Copper 6-0 per cent 
Chromium 2-5 per cent 


One of the most recent developments 
so far as materials are concerned is 
chromium plating of liners made from 
mild steel tube. This is the Cromard 
process of the Laystall Engineering 
Co. Ltd. Bright, cold drawn tube is 
used because there is little or no scale 
worked into the surface of the metal 
as is often the case with hot drawn 
tube. The tubes are normalized to 
relieve the internal stresses introduced 
during drawing, and then the machin- 
ing and grinding operations are carried 
out. Before the bores are chromium 
plated, they are honed to a finish of 25 
micro-inches. The plated finish is 


trated in Fig. 20 


<3 
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almost an exact repro- 
duction of the honed 
finish, but a final 
honing operation is 
employed. This removes 
the minute high points 
that are formed during 
the plating operation, 
but the thickness of 
chromium is in no way 
reduced. The finish thus 
obtained is porous and 
has good oil retaining 
properties. Checks are 
made on the chrome 
thickness by careful 
measurements of the 
wall thickness before 
and after plating. 

Mild steel has been 
chosen for the Cromard 
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paper entitled “ Organ- 
ization for the Mainten- 
ance of a Large Fleet,” 
read before a meeting of 
the LR.T-.E., stated that 
bore wear on certain 
engines fitted with 
chromium plated 
cylinder liners was 
negligible. Some units 
so fitted had run 
250,000 miles; piston 
life had been 
adversely affected and 
in some of these engines 
he was still using pistons 
which were _ initially 
fitted in 1945. This 
statement was reported 
in Motor Transport, 
31st January, 1953. 


process primarily Although the prime 
because chromium will cost of these liners is 
plate on to it most Fig. 22. Some Cromard liners. Back row, from left to right, Perkins P6, high, probably about 
satisfactorily. Some Leyland 0600, Gardner L.W., 28 h.p. Bedford. In the front row are liners twice that of the more 
manufacturers have _ forthe1} litre T.D. M.G., Ford Prefect, Citroen and Morris Minor. Some conventional cast iron 
experienced difficulty in of these engines were not designed for liners, in which cases those illus- liners, their life is 


obtaining adequate 

adhesion when plating 

on cast irons, although some irons are 
better than others in this respect. 
There are two incidental advantages 
obtained by the use of mild steel. One 
is that when it is used in the form of 
cold drawn tube, the amount of metal 
that has to be removed during machin- 
ing operations is very small. The 
second advantage is that the flanges 
may be appreciably smaller than those 
needed for the more brittle cast iron 
materials. This simplifies the engine 


trated are for servicing only 


cooling problem associated with liners 
the flanges of which are at the top 
end. 

The object in chromium plating is, 
of course, to reduce bore wear. In fact, 
almost unbelievably small rates of wear 
have been experienced with Cromard 
liners. These claims would appear to 
be well founded, for they have been 
substantiated by a number of indepen- 
dent observers. For instance, Mr. 
J. W. Taylor, in the discussion of his 


Fig. 23. A-selection of Wellworthy cylinder liners. On top are the Al-Fin air cooled cylinder 


barrel for the J.A.P. Speedway model and the wet liner for the Morris Saurer. 


Below, 


from left to right, are liners for the General Motors, 44 in bore, diesel engine, A.E.C. 7-7 
litre, 105 mm bore unit, Leyland 8-8 litre, A.E.C. 7-7 litre 105 mm bore engine of earlier 
design. 


In front of these are liners for the Austin 7, 1937-1939, Citroen Super, Vauxhall 
14 h.p., and Jowett Javelin 


generally equal to, or in 

excess of the engine life 
of most commercial vehicles. Therefore, 
the servicing costs are appreciably less, 
for these include not only the price ef 
new liners but also the labour and 
overhead expenses involved in_ their 
fitment. Furthermore, the fact that they 
are pre-finished leads to an additional 
saving in cost. Moreover, the prime 
cost is approximately the same as that 
of austenitic liners. During the life of 
the vehicle, the bore wear is rarely 
more than 0-001-0-002 in. This is less 
than the thickness of the chromium 
deposit. In a few cases, wear has been 
known to exceed the depth of the 
deposit, but this generally occurs in a 
small local spot or patch which does 
not spread over a large area of the 
cylinder as might be expected. 

It is of interest to note that the 
Laystall Engineering Co. Ltd. recom- 
mend that engines fitted with Cromard 
liners should be run under nearly full 
load conditions during the running-in 
period, provided this does not overload 
the bearings. This recommendation is 
made because the rate of wear of the 
liner is so low that under light lcad, 
running-in is unnecessarily prolonged, 
and during this time oil consumption 
may tend to be slightly higher than 
normal. Chromium plated rings shou!d 
not be used with these liners, To 
facilitate the running-in operation, 
many operators prefer to use taper 
faced, cast iron rings, and in any case 
the rings should be in the as-cast 
condition. 

In aero engines and cther units 
where lightness is of prime importance, 
steel liners are often employed. The 
cylinders of these engines normally 
operate at high temperatures and pres- 
sures, and if a straight carbon steel, 
heat treated but not surface hardened, 
and with a normal smooth finish, is 
adopted two problems have to be 
overcome. First, the surface hardness is 
not great enough either to resist abra- 
sion or to prevent scuffing with the cast 
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iron piston rings. Secondly, because of 
the lack of porosity of this material, it 
cannot retain the film of lubricant after 
the engine has stopped and, as a result, 
wear due both to scuffing and corrosion 
on starting-up is severe. 

Surface hardening by carburation or 
nitriding may prevent undue scuffing 
and abrasion. However, the corrosion 
problem still remains, and if the surface 
finish is initially smooth or becomes 
polished in service, the lubricant will 
not wet it, and dry patches will occur. 
In order to combat both the corrosion 
and lubrication difficulties, either etch- 
ing or honing is carried out to give a 
matt finish on liners made from these 
materials. 

The better wearing materials, notably 
austenitic irons and chromium plate, 
because they are costly, are not so 
widely used as they might be. In order 
to overcome these disadvantages, two 
measures have been tried. One is the 
fitting, at the top of the bore, of a short 
cuff liner of the better material, and the 
other is to chromium plate only this 
area, which is the one in which most 
of the wear normally takes place. 

Although cuff liners have been suc- 
ceessful in some applications, they are 
not always satisfactory. The honing 
operation after fitment leaves the bore 
in a condition such that it is almost 
impossible to detect the abutment 
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between the cuff and the sleeve. How- 
ever, when the engine warms up, a step 
develops, partly because of the fact that 
austenitic irons have a higher thermal 
coefficient of expansion than the less 
expensive ones, and partly because of 
the heat break caused by the abutment. 
This discontinuity impedes the flow of 
heat from the top of the liner down the 
barrel, and gives rise to a marked step 
in the temperature gradient curve at the 
junction. 

Chromium plating the top end only 
of the liner is not favoured by many 
authorities. Although it does not suffer 
from the differential thermal expansion 
effects that cause trouble with cuff 
liners, the hardness of the chromium 
is sO very much greater than that of 
cast iron, and the rates of wear of the 
two materials are so different that 
during service a step tends to form at 
the point where the chromium plating 
ends and the unplated part of the bore 
begins. In any case, the time needed 
to plate part of a liner bore is exactly 
the same as that required for plating 
the whole of it, and the overhead costs 
are practically identical, so that the 
only saving is that of material cost. 

There is yet another treatment, deve- 
loped recently, that is being applied to 
wet liners. This is the application of 
an Al-Fin bonded coating of aluminium 
to the outer periphery. There are two 


Fig. 24. Dry liners with flanges at the top are employed in the General Motors two-stroke 
diesel engine 


OcroneR 1954 


objects in coating with aluminium in 
this way. The first is to protect the 
iron against corrosion, Although alu- 
minium itself is subject to corrosion 
in cylinder liner applications, it js 
better in this respect than cast iron 
probably because of its better heat 
dissipation characteristics. These 
characteristics constitute the second 
advantage of coating with aluminium 
in that heat is conducted rapidly away 
from local hot spots and is distributed 
more evenly over a larger area of the 
cylinder barrel. 


Lubrication and surface finish 

The theoretical aspect of the lubrica- 
tion problem was dealt with in Part I, 
in connection with cylinder wear. How- 
ever, lubrication is affected by certain 
features of mechanical design. A small 
connecting rod:stroke ratio increases 
the thrust on the cylinder wall and may 
call for extra lubrication, but it hardly 
affects any other aspects of cylinder 
liner design. A large bore: stroke ratio 
tends to increase the amount of oil 
thrown into the cylinder, not only 
because of the larger diameter, but also 
because the skirt of the cylinder is 
brought closer to the path swept by the 
big end. These features may affect bore 
wear and should be taken into account 
when designing the oil control arrange- 
ments. 

Surface finish is important from the 
point of view of lubrication because 
the oil retaining properties of the bore 
are largely dependent on it. With cast 
irons, the surface finish should be from 
approximately 12 to 24 micro-inches, 
This, of course, is rougher than it will 
be after the engine has been running 
for a while, but the initial relatively 
rough finish is specified in order to 
assist running-in. During the running- 
in process, extra lubrication is neces- 
sary and it is assisted by the oil 
retaining characteristics of a honed 
finish. Moreover, the rings bed more 
readily into such a surface than into a 
polished one. 

Careful 1unning during the first 
stages in the life of a new engine will 
materially reduce the rate of wear in 
the subsequent stages. Rates of wear 
vary widely with different operating 
conditions. However, when hardened 
and tempered cast iron liners are 
employed it is generally found that the 
rate is about 0-001lin_ per twenty 
thousand to thirty thousand miles. 
With iron liners in the as-cast condi- 
tion, the maximum rate may be 0-001 in 
per ten to fifteen thousand miles, and 
if the cylinders are cast integrally with 
the block, the rate is frequently as high 
as 0-001 in per two thousand miles. It 
would appear that the best results are 
obtained with chromium plated liners 
in which the wear rate can be as low 
as 0-001 in per 100,000 miles. 

The matching of the ring and liner 
materials is important from the point 
of view of wear and oil control. It has 
already been suggested that as-cast 
rings should be used in chromium 
plated bores. However, the best com- 
bination with cast iron liners is 
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hardened and tempered rings in 
hardened and tempered bores. The 
need for care in choosing the appro- 
priate materials is illustrated by the 
results obtained in a recent test on a 
commercial vehicle diesel engine fitted 
with hardened and tempered liners and 
soft rings. It was discovered that the 
oil consumption was increasing and 
decreasing in a cyclic manner over 
periods of ten hours running. An exam- 
ination of the rings after a period when 
oil consumption was high revealed that 
the peripheries were scuffed, and this 
had resulted in a break-away of the 
lower edges, Fig. 18. This scuffing 
trouble and break-away of the lower 
edge was overcome when the soft rings 
were replaced with hardened and tem- 
pered rings (Fig. 19) used in conjunc- 
tion with the same hardened and 
tempered liners. 

The cyclic variation was caused by 
the alternate breakdown and _ healing 
of the lower edge of the ring. In the 
broken condition, it tended to ride up 
over the oil film.on the down stroke, 
and on the up stroke to scrape the oil 
up towards the combustion chamber. 
The improved lubrication thus obtained 
helped the ring to bed down once again 
and the lower edge to re-form until the 
oil consumption was again normal, and 
the cycle was repeated. 


Liner proportions and arrangements 
Wall thickness is a compromise 
between the conflicting requirements 
of rigidity and compactness, and there 
are no hard and fast rules that may be 
applied. However, some guidance on the 
subject of wall thicknesses may be 
gained from the following list of 
minimum thicknesses adopted by Well- 
worthy Ltd. that have been proved 
satisfactory in service. 
Petrol engines: 


Upto S5inbore.. .. .. sin 

6into 7inbore.. .. .. 

Tmosgmbor.. . 
Diesel engines: 

Up to3in bore... .. 

3in to 4in bore .. 5 in 

4into Sin bore .. in 


1 
SmtoGin bore... .. .. *in 
6in to 7in bore .. 

The thickness of wet liners varies 
considerably as between different 
applications. It will depend, among 
other things, upon whether the flange 
is at the top or at the bottom, that is, 
whether or not the liner is under com- 
pression. The minimum thickness with 
either a wet or a dry arrangement is 
about ,; in. Even with a flange at the 
top in a wet liner, it is undesirable to 
employ too thin a liner because of the 
vibrations that might be set up in 
service and cause an unduly high rate 
of cylinder wear. With the greater 
thicknesses, the liners may be rebored 
instead of scrapped when wear becomes 
excessive. 

In the past, attempts have been 
made to stiffen liners, without appre- 
ciably increasing their weight, by 
incorporating ribs on their outer peri- 
pheries. This is not a good practice 
because the local stiffening effect may 
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cause uneven rates of wear over the 
length of the bore. Moreover, local dis- 
tortion may also be introduced by the 
residual stresses resulting from uneven 
shrinkage, during the casting process, 
at the change of section. If the ribs are 
circumferential ones, they may set up 
ring flutter because of resonance at 
certain piston speeds. 

With cast iron liners, the depth of 
the flange should not be less than 1} 
times the liner wall thickness, and the 
seating face, that is the lower face of 
the flange, should not be less than one- 
quarter of the thickness of the liner 
wall and not much more than one-third. 
The reason why these dimensions are 
specified is that the flange depth must 
be adequate to carry any bending loads 
that might be imposed on it by any 
slight unevenness of the seat or of the 
cylinder head bearing down upon it. In 
addition, the flange width must be wide 
enough not to crush the shoulder on 
which it seats, but at the same time, it 
must not be so wide as to lead to the 
possibility of the introduction § of 


unduly large bending stresses at the 
root of the flange section. 

Another precaution that should be 
taken is the under-cutting of the inner 
portion of the top face of the flange, 
so that only the area which is imme- 
diately above the seating face on the 


Fig. 25. 
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under surface of the flange stands 
proud. The gasket should also be cut 
back so that it does not extend over this 
under-cut more than 30 per cent of 
the flange width. This ensures that 
there is a purely compressive load 
between the upper and lower faces of 
the flange. The top face should 
preferably stand proud of the top of the 
cylinder block by an amount of from 
0 to 0-005in, although | satisfactory 
results have been obtained when the 
end face of the liner has been as much 
as 0-002 in below. 

There should be a clearance between 
the outer periphery of the flange and 
the block. If this is too small and the 
expansion of the top of the liner is 
restrained by the top face of the 
cylinder block, the barrel of the liner 
may crack away from the flange. Radial 
location should be effected below the 
flange by a small integral collar, the 
periphery of which accurately 
ground. 

Where a top flange is employed, it is 
not usual to fit a seating washer. This 
is because cracking of the liner away 
from the flange has been experienced 
with this arrangement. However, the 
reason for this in most cases has 
probably been that the seating faces of 
the washer were not accurately ground 
parallel and flat. On the other hand, 


The layout of the Foden FD6 two-stroke engine calls for rather more complex 
water and gas sealing arrangements than usual 
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Fig. 27. To increase the stiffness of the cylinder block and crankcase of the Aston Martin DB2 engine, ribs are 
incorporated in the jacket between numbers 2 and 3 and numbers 4 and 5 cylinders, and barrel type crankshaft 
journal bearing housings are employed. The cross-section of this engine is shown in Fig. 30 


Fig. 28. Between each of the wet cylinder liners in the Steyr WD413 diesel engine, webs are incorporated in 
the cylinder block above the crankshaft main journal bearings 
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Fig. 26. A somewhat unusual liner arrangement has been adopted in the open topped cast aluminium block of the Lancia Aurelia 


when the flange is at the bottom, or 
the lower end of the liner is shouldered 
to seat low down in the block, a copper 
sealing ring, about ;': in thick, is usually 
employed. Some manufacturers specify 
rings of differing thicknesses or shims, 
so that they may allow greater manu- 
facturing tolerances between the seat 
and the cylinder-head. It is again 
recommended that the washer should 
be ground to ensure that the two faces 
are parallel and that there are no local 
high spots which might induce bending 
loads in the flange. 

The reason why a copper ring is 
needed where a _ bottom flange is 
adopted is that it is difficult to maintain 
close tolerances over the length of the 
liner and also in the block between the 
flange seat and the top, where the liner 
is held down by the cylinder head. On 
the other hand, it is relatively easy to 
maintain the required tolerances 


Fig. 29. In the Jowett Javelin only a short length of liner is 


under compression 


between the top and bottom faces of 
a top flange clamped between the head 
and a shoulder in the upper face of 
the block. As has already been men- 
tioned, it is essential to ensure that the 
seat for the bottom flange is ground 
accurately parallel to the top face of 
the block and that the flange itself is 
in a plane perpendicular to the axis 
of the liner, otherwise bowing of the 
liner or breakage of the flange may 
result. 

In order to overcome the difficulty 
of obtaining adequate cooling at the 
upper end of a liner with a top flange 
and to reduce the tendency to bow 
associated with liners with a_ bottom 
flange, some manufacturers show a pre- 
ference for incorporating a_ flange 
somewhere about mid-way between 
the top and bottom of the liner. This 
arrangement would appear to be 
generally satisfactory since it reduces 
the length of liner 
under compression, 
while allowing direct 
contact between the 
coolant and the top end 
of the liner where the 
greatest amount of heat 
transfer is required to 
take place. However, it 
is Open to objection on 
the grounds that there 
is a change in section 
and the possibility of 
local circumferential 
distortion of that part of 
the bore over which the 
piston is traversing at 
maximum velocity. 

The spacing between 
the liners should not be 
less than the thickness 
of the liner wall. If this 
space is too small, local 
overheating may take 
place and cause distor- 
tion. Moreover, pitting 
and corrosion) may 
occur, Figs. 20 and 21. 


The problem of the provision of 
adequate coolant flow between cylinder 
liners is an important consideration 
that is often ignored. Coolant usually 
enters the block at the front end and 
passes round each side of the row of 
cylinders and up into the head, but 
there is no guarantee that it will not 
stagnate between the cylinders. In 
some designs, the jacket walls are 
bulged inwards between the cylinders 
with the object of deflecting water into 
this space. However, it would appear 
that better results might be obtained 
if the deflector between numbers 1 
and 2 cylinders were positioned on one 
side of the block, the second between 
numbers 2 and 3 on the other, and so 
on, on alternate sides, to deflect the 
coolant through the spaces between 
each pair of cylinders in turn. Some 
experimental work would be necessary 
to determine the best shape and posi- 
tion for the deflectors. 

When flanged liners are 
employed, the coolant seal at the base 
usually takes the form of two or more 
rubber rings in grooves either in the 
liner or, if the wall thickness is not 
great enough, in the block. There might 
be some slight preference for incor- 
porating the grooves in the bleck on 
the grounds that any change in section 
in the cylinder liner wall is undesir- 
able. Sometimes a third groove is in- 
corporated between the ring 
grooves, and it is connected by a 
drainage duct to the outside of the 
engine. ‘The function of this third 
groove is to drain away any water that 
might pass the top ring, and to prevent 
it from getting into the sump. 

Another arrangement that has been 
incorporated as initial equipment by 
at least one manufacturer in this 
country is a dry sleeved wet liner. At 
first sight this appears to be an un- 
necessary complication, but a number 
of arguments can be advanced in its 
support. ‘The wet liner may be of 
relatively soft and ductile material, so 
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that there is less danger of breakage of 
the flanges. Moreover, a sand casting 
may be employed which, because it is 
less expensive, will help to offset the 
increased cost of the arrangement. The 
dry sleeve may be made of a more 
expensive material, since it can be 
appreciably thinner than would be 
possible with a conventional wet liner. 
In fact, sleeves, particularly of the 
chromium plated steel type, are 
becoming increasingly popular for 
fitting, into wet liners during service. 
Normally, liners of the wet type used 
in commercial vehicle engines are re- 
bored when the wear becomes exces- 
sive. However, the replacement of the 
inner sleeve of a compound liner 
during service would be a relatively 
simple operation, since it would only 
be necessary to press it out of the 
liner and to press a new one in. 


Some liner and block arrangements 


A selection of liners of various types 
is shown in Figs, 22 and 23. It is of 
interest to compare the Wellworthy 
cast iron liner for the Citroen with the 
Cromard unit for the same vehicle. The 
engine was originally designed for a 
cast iron liner, and therefore relatively 
large flanges were employed. To 
machine such a liner from cold drawn 
tube would have involved the removal 
of a large quantity of metal. There- 
fore, the liner manufacturer decided 
that it would be best to make the 
flanges separately and to shrink and 
weld them to the tube. In order to 
provide positive location of the two 
flanges, the outer periphery of the tube 
is shouldered to bear against their 
inner faces. In general, it may be seen 
in the illustration that except where 
the Cromard liners are designed to 
replace cast iron ones, relatively small 
flanges are used. 

In the Wellworthy group, there are 
two liners, apart from the Al-Fin 
barrel already described, that are some- 
what unusual, One is the liner for the 
Morris Saurer engine, and the other 
is for the General Motors two-stroke 
diesel unit. The Morris Saurer liner 
is flanged near its base, where it seats 
on a thin copper ring low down in the 
cylinder block. Its upper is 
held down by the cylinder head, and 
its end face is grooved to bed into the 
gasket. The object of this grooving is, 
of course, to obtain a better seal than 
would be possible with a plain end 
face. 

An interesting comparison may be 
made between the General Motors 
diesel arrangement with a cast iron 
cylinder block and crankcase, which 
is again illustrated in Fig. 24 as well 
as Fig. 23, and that of the Foden FD6 
engine with an aluminium cylinder 
block and crankcase, Fig. 25. The 
General Motors unit is a simple dry 
liner with a top flange. On the other 
hand, the FD6 unit, being a wet liner 
layout, calls for a rather more complex 
sealing arrangement. ‘The water seal 
is effected by two rubber rings in 
grooves round the collar formed inte- 
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grally with the liner just above the 
ports. The lower seal, which has only 
to separate the induction chest from 
the sump, is formed by a single rubber 
ring. This ring is carried in a groove 
machined in the liner. The liner is 
shouldered immediately above — the 
lower seal so that should the top flange 
by any chance break, it is impossible 
for the barrel to fall down into the 
crankcase. Because the cylinder head, 
which is in two pieces, is of cast iron, 
and is used without the usual gasket, 
it has been necessary to incorporate a 
groove to carry a copper sealing ring 
in the top end face of the liner, and the 
cylinder head is pulled down on to it. 
The area of the joint face on the head 
making contact with the copper ring is 
lapped. 

The liner arrangement in the Lancia 
Aurelia V6 engine, Fig. 26, is some- 
what unusual. Wet liners are em- 
ployed, but rather elaborate precautions 
have been taken to avoid the diffi- 
culties associated with the cooling of a 
liner with a top flange and the main- 
tenance of close enough tolerances in 
a bottom flange layout. On this cast 
iron liner, a flange is incorporated 
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approximately 1} in below the top end. 
The barrel is carried in a cylindrical 
housing cast integrally in the alu- 
minium block. The flange seats on the 
machined upper face of this housing 
and is slotted to allow coolant, which 
enters the housing from a gallery cored 
in the block, to pass up round the 
upper end of the liner and thence into 
the cylinder head. The water seal at 
the lower end is effected in the con- 
ventional manner by two rubber rings 
in grooves round the liner, and a third 
groove between the two rings is pro- 
vided for drainage purposes. 

At first sight, it might appear that 
there must have been an element of 
risk in adopting the open top block 
arrangement when the material used 
was aluminium. For, not only is the 
open block less rigid than the closed 
type, but also the stiffness of alu- 
minium is generally considerably less 
than that of iron. However, the design 
has proved to be perfectly satisfactory 
in service; this is probably due to the 
fact that the V6 arrangement is 
inherently well balanced, and gives 
exceptionally even torque charac- 
teristics. Moreover, it is a short unit 


Fig. 30. The cross-section of the Aston Martin D.B.2 engine 
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by comparison with most engines 
developing the same power. 

That the whole engine layout must 
be considered when designing cylinder 
liner arrangements is demonstrated by 
the illustration of the Aston Martin 
DB2, Fig. 27. Although many manu- 
facturers prefer the dry liner arrange- 
ment high performance 
engines, a wet liner with a bottom 
flange is fitted in this unit. The bottom 
flange was undoubtedly adopted 
because the heat flow requirements at 
the top end would be such as to 
prohibit the incorporation of a flange 
in that area. In order to provide 
adequate stiffness, not only have webs 
been cast in the’ block between 
numbers 2 and 3 and numbers 4 and 
5 cylinders, but also barrel type crank- 
shaft journal bearing housings are 
employed. It will be noticed that 
there are crankshaft main journal 
bearings between these cylinders, so 
there is ample room for the incorpor- 
ation of the webs, and the overall 
length of the engine therefore has not 
been increased. 

Wet liners are employed in the 
Steyr WD 413 diesel engine, Fig. 28. 
They are unusual in that, in addition 
to being flanged at their top ends, they 
are each spigoted into a_ separate 
cylinder head which they thereby 


N an article entitled “ Applying Fuel 
Injection Equipment to Diesel 
Engines,” by F. DeLuca and P. G. 
Burman, formule are derived for the 
design and performance characteristics 
of the fuel injection equipment for 


diesel engines. | Nomographs_ con- 
structed from these formule assist in 
the rapid preliminary selection § or 
analysis of the equipment. 

With the usual combustion calcula- 
tions it is shown that, for a normally 
aspirated engine, the theoretical full- 
load fuel requirement is approximately 
one cubic millimetre for each cubic 
inch of cylinder swept volume, and 
becomes proportionately higher for 
supercharged engines. The fuel 
requirement, however, can be deter- 
mined accurately only from actual or 
expected engine performance, when the 
relationship between  b.h.p.,. specific 
fuel consumption, pump speed and 
specific gravity of fuel is known, or 
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locate. The head, in turn, spigots into 
a shoulder machined in the top of the 
cylinder block to seat on the liner 
flange and hold it down. Not only is 
the top of the cylinder block closed, 
but also substantial webs are incor- 
porated between each of the four 
cylinders. Separate heads are employed 
mainly because, being identical, they 
may be made common to a range of 
engines having different numbers of 
cylinders. In addition, cylinder head 
distortion be _ practically 
eliminated. 

The cylinder block and crankcase 
arrangement is probably even stiffer 
than would have been the case if dry 
liners had been pressed into cylinder 
barrels cast integrally with the block. 
Since a five-bearing crankshaft is em- 
ployed, it has been possible to incor- 
porate the webs between the cylinders 
without increasing the overall length 
of the engine. The webs have divided 
the block into four separate compart- 
ments; therefore, it has been necessary 
to make special arrangements for 
supplying each cylinder individually 
with coolant. The pump is situated on 
the near side of the block and it passes 
the coolant into a distributor box, and 
thence through a hole into the jacket 
around each cylinder liner and then 
up into the heads. 
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The Jowett Javelin, being a horizon- 
tally opposed four-cylinder unit, is 
inherently reasonably well balanced, 
so that its stiffness requirements are 
not quite so exacting as in some lay- 
outs. Nevertheless, despite the fact 
that the cylinder head face joint is of 
the open type and the crankcase and 
cylinder block is of aluminium, the 
design of this short unit is exceptionally 
good from the point of view of stiff- 
ness, as may be seen from Fig. 29. The 
liner flange, which seats on copper 
shims on a Klingerit wire reinforced 
washer on the machined face in the 
block, is approximately 2} in below the 
outer end. Doubtless the interposition 
ot the Klingerit between the copper 
and the aluminium obviates corrosion 
difficulties. 

The remainder of the barrel is 
spigoted into the block. Thus, only a 
short length of the liner is under com- 
pression, so that there would appear 
to be no danger of bowing; and the 
maintenance of close tolerances 
between the seat for the flange and the 
cylinder head is not so difficult as it 
would have been if the liner had a 
flange at its inner end. At the outer 
end, where the liner bears against the 
cylinder head, an unusually large flange 
is incorporated, which gives rigidity to 
the otherwise unsupported end. 


FUEL INJECTION 


alternatively if the relationship between 
the engine size, m.e.p., specific fuel 
consumption and specific gravity of 
fuel is understood. 

Nozzle orifice area, injection pres- 
sure and duration of injection are 
interrelated, and each factor cannot be 
determined without knowledge of the 
others. The instantaneous injection 
pressure for the complete injection 
process is difficult to determine 
analytically, so any nozzle orifice data 
obtained by calculation must be treated 
as providing only a starting point for 
bench and engine tests. The quantity 
Q of fuel discharged per stroke 
through an orifice is a product of the 
coefficient of discharge, velocity of the 
fuel flow, orifice area and injection 
time. On making appropriate substitu- 
tions, an equation is obtained suitable 
for the nomogram analysis. Two such 
nomograms are presented, one for 
smaller engines in which Q-20 to 


1,100 and the other for large engines 
with Q- 1,000 to 5,000cu mm _ per 
stroke. From the familiar expression 
h.p.~ PLAN/33,000, an equation is 
derived for the power required to 
operate the injection pump; this again 
is used to provide the basis of a 
nomogram. 

The coefficient of discharge of com- 
mercial hole-type nozzles generally 
ranges between 0-60 and 0-70. Although 
this coefficient has little significance 
with regard to quantity discharged, 
which can be increased by increasing 
the orifice size, it does reflect on the 
condition and characteristics of the 
nozzle and consequently on the charac- 
teristics of the spray. A nomogram is 
given for determining the coefficient 
of discharge of any single or multi- 
orifice nozzle if the rate of flow, orifice 
area, specific gravity of the fuel, and 
pressure are known. M.I.R.A. Abstract 
No. 6296. 


T is a matter of note for all organiza- 

tions concerned with exports to 
Canada that the publication of the 1954 
edition of the CABMA Register of 
British Products and Canadian Distri- 
butors is now in active preparation. All 
firms who are members of the support- 
ing organizations and who have indic- 
ated their interest in the Canadian 
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market will shortly receive details of 
the new Register from Kelly’s Direc- 
tories Ltd., who are joint publishers 
with Iliffe and Sons, Ltd. 

Any firms who have not yet indic- 
ated their interest and who are 
currently exporting to Canada should 
write without delay to Kelly’s Direc- 
tories Ltd., 186, Strand, London, 


W.C.2. Those who receive question- 
naires during the course of the next 
few days are reminded that the com- 
pleted forms should be returned 
promptly, since some exporting firms 
interested in developing Canadian 
business were not represented in the 
1953 edition owing to failure to return 
the completed questionnaire. 
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Interesting Equipment Displayed at the Engineering 


OR production engineers 
F:: the automobile and 

ancillary industries, chief 
interest at the recent Engin- 
eering and Marine Exhibition 
must have centred on _ the 
welding section. In that sec- 
tion, in addition to welding 
equipment, there were several 
interesting examples of the 
latest practice in flame cutting 
equipment. Some of the more, 
interesting are described in 
these notes. 


Hancock & Co. 
(Engineers) Ltd. 


Hancomaster and Hanco- 
matic oxygen cutting and 
profiling machines were 


shown by Hancock & Co. 
(Engineers) Ltd., Progress 
Way, Croydon, Surrey. Each 
of these machines incorpor- 
ates an electrically driven 
universal tracer head that 
provides a choice of five types 
of drive. This tracer head 
with interchangeable 
drives is shown in Fig. 1. It 
has been designed to make 
Hancock machines _ readily 
adaptable to any type of job 
within the capacity of the 
machine. 

The universal tracer head 
runs off any standard A.C. or 
D.C. lighting supply and is 
driven by a constant speed 
motor. 


positive friction 
gear. The speed 
can be pre-set at 
any rate between 
3in and 27 in per 
minute and its 
absolutely con- 
stant at all settings 
while the motor 
develops full 
power at all 
speeds, 
Briefly, the 
essential features 
of the various 
drives designed 
for use with the 
universal tracer 
head are: — 
No. 1 drive. This 
is a hand-guided 
drive intended 
for jobbing or 
“one off” work. 
The power driven 
tracer is guided 
round a drawing 
by hand. A spring 
provides pressure 


Speed reduction and control 
are obtained by gearing and a variable 


and Marine Exhibition 


Hancock universal! tracer head with five types of drive for which 
it is suitable 


For straight cuts the 
of a 


on the drawing. 
tracer wheel is run in the vee 


Hancomatic profiling machine using magnetic template 


straight guide. When a circle 
is to be cut, this drive is used 
in conjunction with a_ ball 
bearing movable centre and 
radius bar. 

No. 2 drive. This is known as 
the “automatic strip” tem- 
plate drive. It comprises two 
differentially driven rollers 
that are spring loaded to 
engage an aluminium strip 
‘s in thick. The strip, bent 
to the required shape, is held 
by special chairs. 

No. 3 drive. This is a simple 
single roller drive with a } in 
diameter roller that is held 
against the edge of a wood or 
soft metal template. It is par- 
ticularly suitable for intricate 
detail work. 

No. 4 drive. A magnetic drive 
that is intended particularly 
for quantity production. It 
comprises a magnetized roller 
which is magnetically 
attracted to the edge of a steel 
template round which it is 
driven. The magnetizing coil 
is connected to a plug which 
fits a socket in the machine; 
it is separately switched and 
excited by direct current. 
No. 5 drive. The special 
tracer of this head projects a 
spot of light on to a black and 
white drawing. Reflection of 
this light on to a_photo- 
electric cell controls steering 


motors which keep the spot of light on 
the edge of the line as it travels. There 


is no contact at all 
with the drawing; 
therefore the ex- 
pense of a tem- 
plate is  elimin- 
ated even for large 
quantity produc- 
tion, 

Attention may 
be drawn to two 
Hancock flame 
cutting machines, 
the Hancomatic 
and the Hanco- 
master. The Han- 
comatic has a 
double carriage 
type suspension 
with a convenient 
operating position 
that gives easy 
access to all con- 
trols, to the tracer 
and to the cutting 
burner. A_ uni- 
versal tracer head 
of the type 
already described 
is fitted. 
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Hancomaster flame cutting machine be 


If desired, this machine can be fitted 
with a patented cylinder drive com- 
prising a cylinder geared to the main 
carriage axle and pivoted round the 
axle, with a counterweight to press 
the cylinder into contact’ with 
the No. 1 hand-guided drive. With 
this arrangement the machine is 
driven by contact between the tracer 


British Oxygen Company flame cutting machine 
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wheel and the 
cylinder. For trans- 
verse movement 
the tracer wheel 
runs along the top 
of the cylinder; for 
longitudinal move- 
ment it rotates the 
cylinder. In other 
positions of the 
tracer wheel, com- 
binations of trans- 
verse and longitu- 
dinal movement 
can be obtained. 

The burner is of 
the non-backfiring 
type with valves 
plunger - operated 
by cam control. It 
is designed to com- 
bine stability with 
ease of control and 
economical oxygen 
consumption. or 
bevel cutting, the 
head is rotated in 
the holder. A 
graduated angle 
plate indicates the 
setting. ‘The burner 
can be set to cut a 
bevel either longi- 
tudinally or trans- 
versely. It can also 
raised or 

lowered on a vee 
slide and provision is made for both 
longitudinal and transverse adjust- 
ment. Two or more burners can be 
fitted with unit control for simul- 
taneous operation, 

An entirely new machine recently 
developed by Hancock & Co. 
(Engineers) Ltd. is the Hancomaster, 
which supersedes the Hancock “ U ” 
arm profiler. In this 
new design the 
tracing board has 
been replaced by a 
movable template 
carrier. This carrier 
is of simple but 
robust design and 
consists of a_ball- 
bearing box-section 
roller box which 
can be freely 
moved across a 
built-up beam that 
extends across the 
width at the rear of 
the cutting area. 
An arm, in_ the 
form of a channel 
section with a slot 
down the middle, 
extends across the 
cutting area and is 
carried by the roller 
box. It can be 
hinged back to 
facilitate loading 
heavy plate on to 
the machine. Light 
plate can be slid 
into position. The 
arm is made to take 
either a_ circular 


slotted face-plate on which the tem- 
plate can be mounted, a_ circular 
tracing board made of aluminium- 
faced plywood for cutting circles, or a 
straight guide for making straight cuts. 
The template or the attachment can 
be readily moved into any position 
within the cutting area, where it can 
be locked. 

The illustration shows the machine 
with a steel template and a magnetic 
drive. This set-up allows quantities of 
small parts to be cut out of one large 
plate without there being need to move 
either the template or the plate. For 
larger templates, which cannot be con- 
veniently carried by the slotted face- 
plate on the template arm, two 
auxiliary arms are supplied. They can 
be clamped on to the beam to provide 
support at the extremities of the 
cutting area. These auxiliary arms are 
also used when a large tracing table is 
required for hand guiding round a 
drawing or for mounting large tem- 
plates of plywood or aluminium strip. 


British Oxygen Co. Ltd. 


An improved version of their well- 
known 36in universal flame cutting 
machine was shown by The British 
Oxygen Co. Ltd. In general appear- 
ance this machine resembles earlier 
models, but it incorporates many modi- 
fications covering the cutter and its 
controls, the oxygen control panel, the 
speed control and the drive for the 
template follower. There are also other 
small refinements. The basic move- 
ment and the capacity are unaltered; 
that is, the maximum cutting radius is 
36in and the maximum cutting thick- 
ness in mild steel is 6 in. 

An important innovation is the intro- 
duction of the M.C.6 cutter which uses 
a B.O.C. one-piece nozzle. This gives 
trouble-free operation and also greatly 
eases nozzle changing. A_ further 
advance is that a powder cutting 
attachment can be fitted for profile 
cutting. This greatly extends the scope 
of the machine. The cutter is finished 
in chrome and has rounded corners to 
simplify cleaning. The gas controls 
have colour identification. 

A rotary rheostat is now used in 
place of the old type sliding model for 
speed control. The “ on-off” and the 
“ forward-reverse ” switches have also 
been altered. They are mounted with 
the rhtostat on a neat panel on the 
outer arm. The gate arms have also 
been altered, the cast iron girder work 
being replaced by a neat panelling that 
tends to lighten the arm and at the 
same time gives a cleaner appearance. 
This machine will cut at speeds up to 
100 ft per hour. An automatic circle 
cutting gear can be fitted; this elimin- 
ates the need for templates and greatly 
speeds up production. 


Powder cutting process 
The B.O.C. powder cutting process 
has been developed mainly for cutting 
oxidation-resistant metals such as 
stainless steel. In some degree it may 
also be used for cutting non-ferrous 
metals such as copper-base alloys and 
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British Oxygen Company Cutogen blow-pipe with powder cutting attachment 


aluminium and its alloys. In this pro- nozzle in a stream of compressed air, to pass through inclined ports and be 
cess, finely divided iron powder is and therefore the process needs a_ injected through the heating flame into 
used in addition to the normal oxy- dispenser to enable a correctly con- the cutting oxygen stream. 


acetylene cutting flame. A stream of trolled supply of powder to reach the With present equipment, stainless 
iron powder is fed through the blow- — blow-pipe. steel can be cut up to a thickness of 
pipe to assist the cutting reaction of This dispenser is a pressure vessel 12in. The process has been applied 


the oxygen. The powder stream gives that operates at an air pressure of up successfully to straight and _ bevel 
off intense heat during its combustion to 15Ib/in*. It will hold about 1001lb cutting and to profile cutting. Apart 
in the cutting oxygen stream and, in’ of powder. The powder is carried to from the dispenser unit and the powder 
combination with the fluxing action of the blow-pipe through a length of cutting blow-pipe the equipment is 
the powder allows the cut to progress. flexible tube and thence is taken down _ similar to that used for normal oxygen 
The powder is carried to the cutting round the outside of the cutting nozzle cutting. 


STRESS-FREE CASTINGS 


An Important Foundry Development 


HE Parlanti mould process for would otherwise occur and cause dis- is essential that the die be fed from an 

producing stress-free castings is tortion. It is also wear-resisting and unrestricted and _ correctly-positioned 
gravity permanent die-casting tech- therefore helps to prolong die life. feed in order to obtain the necessary 
nique. It differs from other casting Aluminium has a thermal conductivity heat balance. To compensate for 
techniques in that anodized aluminium approximately five times that of iron rapid chill, large runner heads are 
dies are used instead of iron or steel within the temperature range 200-500 situated at the thickest point on the 
dies or sand moulds. The high degC; as a result the rate of cooling is casting. 


thermal conductivity of aluminium much more rapid. Because of this it An interesting vacuum casting tech- 
causes rapid cooling of the casting nique has been developed for the 
metal and the die is so designed that production of very high quality castings 
the rate of cooling of each section of SHOW REVIEW NUMBER comparatively free from air contam- 
the casting is in proportion to its thick- a ination. In this the aluminium die is 
ness. In this way, the stresses due to The a of the “Automobile put in a steel container, connected to 
irregular temperature gradients in the Engineer will be published as usual a vacuum pump, where it presses 
metal are greatly reduced. In addition in connection with the London Motor against a sealing plate made from the 
to freedom from residual stresses, Exhibition. It will constitute a critical casting alloy. When the metal is poured 
castings produced by the Parlanti review of the more interesting exhibits, in through the runner box, which is 
process are said to show fine grain including coachwork, and will have clamped to the head of the container, 
structure, great tensile strength, excel- numerous illustrations of special the sealing plate begins to melt and 
lent surface finish and definition and features and design characteristics allows the casting metal to flow in to 
freedom from porosity. Publicati his j Hl II the die. The casting then comprises 
Permanent dies can be made and ublication of this issue will follow the component itself, the runner, and 
produced in quantity in a very short the ordinary November issue, which will between them the sealing plate which 
time and the components can be cast appear on November 4th. The Show has become cast on. This method is 
rapidly. The process is applicable to issue will be available on November used for casting turbine blades in heat- 
most castings made from standard light 25th, and can be obtained by order from resisting steel and for compressor 
alloy casting material and to some irons newsagents throughout the United blades in light alloys. 
and steels. Castings made by the Kingdom, price 3s. 6d. net. Readers _Carron Parlanti' Ltd., Carron, 
process can also replace certain are reminded that it is still necessary Falkirk, Stirlingshire, has been formed 
forgings. to develop on a large scale production 
The dies are made from specially 8 i basis the patents relating to the 
anodized aluminium; the anodizing is agent to make certain that a copy is Parlanti process. Castings made by 
necessary as a “ heat barrier” to avoid secured. this process will carry the registered 


severe thermal shock loading that name “ Niforge.” 
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Here, there and everywhere 


BALL & ROLLER 
BEARINGS 


Where there are cars — there are Hoffmann Bali or Roller Bearings 


THE HOFFMANN MANUFACTURING COMPANY LIMITED CHELMSFORD, ESSEX 


AUTOMOBILE ENGINEER, October 1953 


they | 
e, 
At the M 
(Ears coy,,OL Or 
Rr Ocr 21.3, 195 Loy : 
3) 
Alege MNoq 
Gls 
Fitteg 
Jearh 
Wnamon 
her Nd 
— 


These taken at the York 
. q a” shire works of a leading firm of precision 
rnanufacturers, inelude all sizes of Ward 


MAY WE send YOU PARTICULARS? 
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KENDALL & GENT 


OPENSIDE VERTICAL 
MILLING MACHINES 
a> With vertical or vertical and 
horizontal heads 
traverse 
3ft. Fins. under spindle 
Fable size 3ft. wide long 


Fs Messrs. Rolls Rayce have used 
ef Kendall & Gent machines. 
Our illustrations shew A:V.M.2 Gpenside 
Vertical Millers engaged on crankeases: 
Various operations are ted On these 
machines, one ef which includes facing the top 
ef the crankcase as shown in the clase-up View: 
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HYPOID DRIVE 


KIRKSTALL FORGE ENGINEERING LTD 
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HL 
- Stylish- & SAFE. 


THE OUTSTANDING 
MERITS OF 


DOVER 
STEERING 
WHEELS 


are recognised by all the leading 


CAR MANUFACTURERS 
who fit DOVER 


as standard equipment. 
* 


DOVER LTD., NORTHAMPTON 


MOTOR SHOW 
STAND No. 219 
AVENUE O. FIRST FLOOR. 


STEERING WHEELS 


it’s all 
very well but... 


When a pieceworker starts on ‘ifs’ and 
‘buts’ about press guards, it is time you 
asked UDAL about the famous ‘ Fastrip’ 
Synchronised Guards for increased 
production and increased safety. The ‘ Fastrip’ 
is worked by compressed air and guard 

and clutch are synchronised to ensure 
split-second timing. Send for details today. 


P. UDAL 


INTERLOCK WORKS, 
COURT ROAD, 
BIRMINGHAM, 12 


Telephone : CALthorpe 3114 


PRESS GUARDS. 
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‘“‘Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 


POSSILPARK GLASGOW N 
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OF INTEREST TO 
PRODUCTION ENGINEERS 


Can you convert standard drilling machines 
to automatic operation and obtain very 
considerable increase in production. 


Can you secure this increase with small 
@ capital expenditure. 


Can you maintain regular and continuous 
production using unskilled operators and 
eliminate operator fatigue. 


PACERA MAXAM 


AIR HYDRAULIC POWER 
W. J. MEDDINGS LIMITED FEED UNITS 


16 Berkeley Street, London, W.! MAY fair 6417 SEND FOR INTERESTING DETAILS 


Rathbone 


WITH THE 


the “‘machine tool” approach 


BIRLEC INDUCTION HEATING EQUIPMENT 
for hardening machinery parts such as cams, 
rockers, dogs, gears, shafts, pins etc. is designed to 
match the overall production plan. & 
Automatic, rapid work-handling with precise control of heating \ 
and quenching, ensure a high output of uniform parts with ’ W 


Please send for Publication No. 79 


minimum labour and handling costs. 


BIRLEC LIMITED 
INDUCTION 


HEATING FERDINGTON BIRMINGHAM 24 
DIVISION 


Sales and service offices in LONDON, SHEFFIELD and GLASGOW 
sm/B.927.53a 
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Tempering curves and table showing the 
properties obtainable with different ruling 
sections for a low nickel-chromium steel 
to Specification En 111. 


THE MOND NICKEL COMPANY LIMITED 


AA 


AY 


| 


\ 


\ 
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SUNDERLAND HOUSE 


Our publication, ** The Mechanical 
Properties of Nickel Alloy Steels” 
contains useful design data for a wide range 
of steels. Curves and tables of properties 
(such as these shown here) are given for 
30 different direct-hardening and case- 
hardening nickel alloy steels, together with 
information on specifications and relation- 
ship between tensile strength, hardness, 
shear and torsional strengths. 
This publication will assist the designer to 
choose the most suitable nickel alloy steel 
for any given purpose. Write for a free copy. 


CURZON STREET LONDON 


des 
re 
a 
4 
WK | 
P 
WA 
& 
é : 


THE 


DARWINS 


SHEFFIELD ENGLAND 


Specialists in the production of high grade 
heat resisting and corrosion resisting alloy 
Castings. 


Ilustration shows the preparations of moulds. 


DARWINS LTD. 
TOOL STEELS - HACKSAW BLADES : PERMANENT 


MAGNETS - HEAT & ACID RESISTING CASTINGS 
ANDREWS TOLEDO LTD. 


CARBON & ALLOY CONSTRUCTIONAL STEELS 


WARDSEND STEEL CO. LTD. 
AGRICULTURAL & TOOL STEEL SHEETS 


ANDREWS TOLEDO (wire nov) LTD. 


3 D54 SPECIAL CARBON & ALLOY WIRE ROD 


Metrovick Infra-Red speeds the cars... 


VAUXHALL MOTORS LTD have 
recently installed at their Luton factory four Metrovick 
Infra-Red ovens, arranged as two pairs. The first oven 
dries moisture off the car after water spraying and 
takes only FOUR MINUTES; the second oven dries any 
spotting of cellulose paint necessary before the finished car 
ieaves the factory. The drying time in this oven is about 
THREE MINUTES. 


The basic element projector, shown below, is made in 
standard sizes, 18 in., 24 in. and 36 in. long, and special 
lengths can be supplied. The source of radiant heat is the 
Metrovick tubular-sheathed heating element, an industrial 
adaptation of the successful “‘ Redring ’’ domestic element. 


Our Heating Element Department will be glad 
to discuss your heating problems, and the 
demonstration rooms at Trafford Park, 
ne Manchester and 132/135 Long Acre, London 
: are open for inspection and the actual testing 
of samples. Send for Descriptive leaflet 703/7-1 


: METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.I. group of companies 


WAAENOUE® Infra-Red equipment turns hours into minutes 


L/S201 
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N.B. By courtesy of Ford Motor 
Co. Ltd., we illustrate 
ARCHDALE machines arranged 
for boring **Consul"’ 4-cylinder 
blocks and“ Zephyr'’ 6-cylinder 
blocks. 


for 


ARCHDALE 


BORING “CONSUL” CYLINDER BLOCKS 
AT FORD MOTOR COMPANY LTD 
Our experience in the design and production of special 
machines for the automobile industry is unique and 
covers every phase and combination of drilling, milling, 

reaming, boring, tapping, etc. 

Our technical staff are always pleased to co-operate with 
you on the design of special machines to improve your 
own production. Get in touch with us. 


JAMES ARCHDALE & Co., Ltd. 
BIRMINGHAM 


Sole Agents: ALFRED HERBERT LTD., COVENTRY 
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te Electrons, neutrons and protons as constituents of atoms. 
necessary matertal 


process ‘ad mauseatwin” 
oy day THIEN: pit Une result “wander the 


our Ottomans, ae state tah we shall wah this, 


SOUTH WALES fFORGEMASTERS LID 
GARTH WORKS ° TARS WELL CARDHE 


irable to your — 
wck most SU 
& SONS, BLACKRIDING ELECTRICAL WORKS, WERWETH, OLDMAN. PHONE: MAI 1651. 
a FORA 
megative particles. Borrow a pinch of protons from Harwell, 
many leach nah baffore A.D. 25101. 
3 
; 
SCC 
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ELECTRIC Process 


INFRA REQ “HIGH FREQUENCY 


@ Bold thinking about bigger production de= Furnace Plant 
mands new methods ef heat treatment, 
electric process heating ensures maximum output 
and true economy, The many heating equipments 
in its pange are clean, safe, simple te operate and 
heat rapidly te constant correct and controlled 
temperatures. Its versatility is being preved 
every day. 


@ its applications are many: for heat treating 


steel, setting resin glues, drying paint, and 

numerous other pre One example, is 6.8.6. CARBONTTRIDING LQUIPMEND 

earbo-nitriding equipment, of use in the Atveraft 

and Moter fndustry for ease-hardening steel. With FABRE 


are? expertence in the and are Fate the 
@ G. Hy years’ exper surface Of te at & 


design and construction of Keating plant The and stood then 


Gompany’s specialists weleome opportunities te at the 
prapertics. plant be adapted te MARY 
diseuss potential uses with engineers and of charge by varying the euraving arrange: 


PHE GENERAL LEB:, MAGNEF HOUSE, RINGRWAY, LONDON, W.4.3 
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INDUSTRIAL 


FURNACES OVENS 


Funditor Electric Furnaces are used for the efficient Funditor Electric Ovens assure maximum thermal 
melting of any metal up to a temperature of 600°C. efficiency, and Automatic Temperature Control, for all 
Heavy-duty elements around the crucible give uniform heat processing up to a temperature of 450°C. 
heat distribution. Correct heating, within fine toler- Forced air circulation can reduce certain process times 
ances, assured by Automatic Temperature Control. by 50°, or natural circulation may be employed. 
Efficiency combined with complete safety results in Ovens designed to permit wide variation of the stan- 

maintenance of accurate mel- dard range to suit individual 

ting points and subsequently temperature and capacity 


perfect casting. requirements. 


Jechnical 
Literature 


Funditor Ltd 


3, WOODBRIDGE STREET, LONDON, E.C.1 
CLErkenwell 6155/7 


RE-METALLING - BABBITTING - SOLDERING CURING - DRYING 
TINNING DIPPING ETC. BAKING - PRE-HEATING ETC, 


TIMES CHANGE!! 


—and so do methods of 


ABRASIVE CLEANING 


have been specialists in the field of abrasive cleaning, 
for many years, during which time our plants 
have always been to the forefront of modern design. 
We do not know whether the old coach-builder 
used one of our plants, we should hardly think so, 
but we do know that the Bristol Aeroplane Co. Ltd., 
builders of the famous BRISTOL cars, find them 
invaluable in cutting down on cleaning time and ob- 
taining a better finish on their castings, forgings, etc. 


Let us solve YOUR cleaning problems! 
TILGHMAN’S PATENT SAND BLAST CO. LTD. 


BROADHEATH, NEAR MANCHESTER 
Telephone : ALTRINCHAM 4242/7 
LONDON OFFICE : Brettenham House, Lancaster Place, Strand, W.C.2 
AGENTS : 
MIDLANDS ; R. J. Richardson & Son Led., Commercial Street, Birmingham 
SCOTLAND : Baibardie Led., 110, Hanover Street, Edinburgh 


| 
| 
w.2t 
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WHEELS... 
SAID THE FITTER 


Hil} 


| + 


TRAILERS 
SAID THE FOREMAN 


... IMPLEMENTS 
SAID THE DRAUGHTSMAN 


a 


CHASSIS FRAMES 
SAID THE APPRENTICE 


Hi 


AND THEY ALL COME FROM 


Sankey oF weLtincton 


JOSEPH SANKEY & SONS LIMITED 


- HADLEY CASTLE WORKS 
TELEPHONE: 


WELLINGTON 
500 WELLINGTON - 


SHROPSHIRE 
TELEGRAMS: SANKEY WELLINGTON 
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. + « Steel pipe flange has a 
diameter of 11” and a face width 
of 2}”. It was machined on the 
face and the outside diameter 
turned in 14 minutes on the 
Vertimax Twin Slide Vertical 
Chucking Lathe. 


The Vertimax can be adapted Vertical spindle. 


Air chuck. 

Differential hydraulic feed. 

Tool slide and hydraulic cylinders 
can be swivelled through more 
than 120°. 


Occupies less floor space than any 
other machine of similar capacity. 


to many purposes where two 
simultaneous operations are 


required. 


CHURCHILL 


ROAD SOUTH 
LONDON, MANCHESTER, 


BIRMINGHAM, = 25 
NEWCASTLE-ON-TYNE 


YARDLEY ° 
GLASGOW AND 


COVENTRY 
ALSO AT 


The 


NUMBERS. 


London Show Guide 
Oct. 16 


Published before the Show opens this 
special number gives the first full 
account of what the motorist will see. 
It includes an advance survey of the 
cars and caravans exhibited, and a 
preview of the accessories and com- 
ponents exhibits, This also 
contains a complete buyers’ guide 
to the new season’s Price as 


issue 


cars. 


usual Is. 


London Show Report 
Oct. 23 

A greatly enlarged special issue giving 
a stand-by-stand report of all the 
exhibits. Includes a detailed specifica- 
tion of all the cars, and detailed surveys 
of coachwork, caravans, car radios, 
tyres, and components. 
Also includes an analysis of develop- 
ment in engines, transmissions, chassis, 
bodywork and equipment. Price for 
this greatly enlarged issue 2s. 


accessories 


London Show Review 
Oct. 


An enlarged issue giving a compre- 
hensive review of the Exhibition and an 
authoritative technical survey of Design 
Trends—provided after an intensive 
study of the new models, personal 
inspection of the exhibits and experience 
gained in THE AUTOCAR’s own Road 
Tests. Invaluable to all who could not 
see the Show and to everyone who is 
interested in motoring. Price as usual Is. 


Order these important London Show Numbers from 


TO-DAY 


STAMFORD STREET - 


your newsagen l 


& SONS LIMITED + DORSET HOUSE - LONDON - S.E.1 


ILIFFE 
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A good weld deserves — 


Only body filling solders of guaranteed purity and 

consistency give the high standard of finish demanded 

in the automobile industry today. Enthoven solders 

are manufactured under rigid labora- 

tory supervision to meet the exacting 

requirements of the coach builder. i 

Enthoven Tinmans, Blowpipe, Ingotand 

Solid Wire Solders are supplied to 

B.S. 219-1949 and customers’ 

special specifications, Enthoven Body Se 


Solder is supplied in sticks to standard 


Photographs by courtesy of Préssed Steel Co. Ltd 


the finest body filling solder 


specifications or to special alloys. Entocene Solder 

Paint for pre-tinning on body work and for certain 

sweat soldering work is easy to use, clean and econom- 
ical in operation, Tricene Soldering 
Fluid for use with all soft solders 
gives safe, vigorous fluxing without 
corrosive residue, 
Our technical advisers and laboratory 
staff are available for consultation. 
Technical data, descriptive literatureand 


samples will be gladly sent on request. 


ENTHOVEN SOLDERS LIMITED, 89, UPPER THAMES STREET, LONDON, E.C. 4, 
23613 
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Telephone : MANsion House 4533. Telegrams : ENTHOVEN PHONE LONDON 


as 
; 
SOLDER PRODUCTS 
11] 


Tested ana recommended by the 
Ministry of Supply (MVT Branch) 
Ref. No. VG.6/300/FIR for export 
to tropical countries. 


OSOTITE — the modern 
scientific sealing which has 
been proved by rigorous tests 
to be the perfect jointing for 
smooth surface and *screw 
unions. OSOTITE is a simply 
applied, liquid compound, im- 
pervious to heat, petrol, oil, 
grease, water and steam which 


ensures in a few minutes a 
HIGH PRESSURE GAS, AIR or WATER-TIGHT JOINT. 


Pn ODUCT Write for full details and prices to : 


K BRANDS LIMITED | 


RD ROAD, WADDON, CROYDON, ENGLAND | 
DON 3171-2 : Cables: SLICKBRA, SOUPHONE, LONDON 


castings Nese... 


they’re WHITEHEART Malleable IRON 
CASTINGS . . . prime products of a 
first-class foundry. Superlatively 
moulded and sound as they 
come. Let us have your 


enquiries. 


7 WIGGIN 
WHITEHEART 


IRON CASTINGS 


J. & J. WIGGIN LTD. sip Se 
Woodhall St., Bloxwich 


STAFFS. 
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HOW THE GLACIER CENTRIFUGAL WORKS 


Like many another technical advance, the 
idea is basically simple. In place of filter- 
packs and elements, the Glacier harnesses 
centrifugal force (at a thousand times the 
force of gravity) to do the job better. Look 
at the sectional diagram, and you will see 
how the oil itself drives a rotor which flings 
the dirt to the sides of the bow], while the 
clean oil flows unchecked through the hole 
in the base. 


THE TEST OF EFFICIENCY 


Too simple to work’? The proof lies in 
working efficiency. The Glacier Centrifugal 
Oil Filter has been submitted to exhaustive 
tests and cannot be faulted. If oil is cleaned 
by passing through a filter medium on the 
principle of a strainer, efficiency at best is 
relative: the Glacier Centrifugal intercepts 
particles that will pass through the mesh of 
the finest strainers in use. Many strainers, 
moreover, progressively lose efficiency as 
they become clogged with the dirt they are 


What, 


another filter ? 


No—a revolution! 


FOOLPROOF EFFICIENCY—NO ELEMENTS TO REPLACE 


Until now, to users of road vehicles 
filter has always meant an oil strainer. 
its efficiency was known, has never 
engine - building industry. Now it is 
self - operating component. And the 


and stationary engines, an oil 
Centrifugal separation, though 
been generally available to the 
here, in the form of a compact, 
advantages now offered by the 


Glacier Centrifugal Oil Filter are so many that they cannot be ignored. 


trapping until the ever more restricted oil- 
flow and loss of pressure bring a by-pass 
valve into play which feeds dirty oil to the 
bearings. The Glacier Centrifugal Oil Filter 
maintains high efficiency and constant flow, 


THE TEST OF £.s.d. 


With filters of the strainer type, the rela- 
tively frequent cleaning or replacement of 
the strainer element is imperative. A fleet 
of vehicles can run upa pretty billina year 
on new elements alone. There is nothing to 
replace in a Glacier Filter. There are no run- 
ning costs. Inspection and cleaning can be 
carried out in five minutes. The filter com- 
ponent, as you buy it, should last the 
life of the engine without any trouble or 
replacement of parts. 


ADD THESE ADVANTAGES UP 


Higher efficiency. 

Constant flow. 

No replacement elements. 

No clogging. 

Sump filtered every few minutes. 


Dirt capacity many times greater. 
Easy inspection and easy cleaning. 
Easy fitting with Glacier accessories 
— no independent drive required. 

A precision-engineering job which 
cannot go wrong. 


That's AG LAC | E OIL FILTER 


THE GLACIER METAL 
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COMPANY 


REGD. TRADE MARK 


—sooner or later you'll fit it 


LIMITED, ALPERTON, 


WEMBLEY, MIDDLESEX 
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ADHESION AND SEALING POINTS IN CAR | 


MANUFACTURE 


...there’s a job for 


Bostik 


It’s just as important to keep out the dust as it 
is to keep out wind and wet. That is why car 
manufacturers use ‘Bostik’ Sealing Compound 
wherever there is a possibility of dust penetration. 
ALL Britishcar manufacturers employ the ‘ Bostik’ 
System of Adhesion and Sealing and find that the 
use of ‘ Bostik’ Adhesives, ‘ Prestik’ Sealing Strip 
and ‘ Bostik’ Sealing Compounds paves the way 
to faster, cheaper, and more efficient production 


methods. Bear in mind that 


for every sticking and sealing job in the 
Motor Industry there's a job for 


The word “ Bostik’ is a registered Trade Mark of 
B.B. CHEMICAL CO. LTD., ULVERSCROFT ROAD, LEICESTER 


114 


Lower the roof for streamlining, and you 
must lower the seat for comfort. And to do that 
use Intalok Spring Cases. With this special 
springing system you can make the seat shallower 
without any loss of comfort. Intalok Spring Cases 
are used today by many British car manufacturers. 


( \ SPRING 
IN GASES 
FOR CARS 


A PRODUCT OF THE SLUMBERLAND GROUP. TRADE ENQUIRIES TO. 


INTALOK LTD., CALDWELL ROAD, NUNEATON. TEL. NUNEATON 2367/85 
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GEAR 


DIESEL 
CONVERSION 


When converting your vehicle to Deisel, why 
not specify a David Brown Unit designed for 
this purpose? 


MAXIMUM ENGINE TORQUE 


Type Ib/in. No. of speeds 
45 3000 5 


542 


5 
437 4 
4 


430C 1100 
Large units also available. 


Visit our Stand No. 252, Avenue O, 
International Motor Show. 21-3! October, 1953 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
AUTOMOBILE GEARBOX DIVISION 
PARK WORKS HUDDERSFIELD 
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Where Austin’s 
use Permacel 
Adhesive Tapes 


Photo taken in the Austin Service Best. 
Like so many famous firms the Austin Motor Company Ltd. 
find Permacel Masking Tapes ideal for every job which has 
to be masked for spraying or protected during transit. 
Permacel Masking Tapes adhere instantly—and firmly. They 
strip easily and absolutely cleanly. To make quite sure of 
this, Permacel Crepe Paper Masking Tapes are ‘Double- 
jonded’, = This Johnson & Johnson process employs a 
special varnish which locks the adhesive permanently to the 
hacking material. Permacel Tapes, therefore, never ‘peel’. 


They suit the simplest and most irregular contours. They 
negotiate the trickiest curves with ease. They take the 
rough with the smooth, They are immune to attack by the 
chemicals and solvents normally used in paints and dopes. 
\dd all these points together, and you will see immediately 
that Permacel is a most efficient Tape. 


Photo taken stin Service Dept 


For samples and quotations write to 
(GT BRITAIN) LTO SLOUGH, BUCKS 
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Close Limit flecuracy 


cuts gout machining 


Three factors contribute towards making 
Shotton Bros. first in the field for 
BLACKHEART Malleable Iron Castings. 
Firstly, the attention paid to laboratory 
control at every stage in production, 
secondly, our 50 years experience in the 
Industry, and finally the up-to-date methods 
of production. The result is a casting of 
the highest possible quality,* accurate to 
fine limits, with subsequent machining costs 
cut to the minimum. 


* Highest British Specifica- 
tion accepted—BSS 310 
(1947) Grade 3. Fully 
machined components can be 
supplied. 


BROS-LTD 


OLDBURY, NEAR BIRMINGHAM 
Telephone: BROadwell 1631-2. 


Members of the Technically Controlled Castings Group 


AUTOMOBILE ENGINEER, October 1953 


j 
| 
144 
pt 
4 
| 


Chara good prawing 
crength 
Lubric ating value 


Wett ing-out 
rrosivel 


ability 


0 yess 


Remo’ 
Uniformity 
Stability 


Economy 
Compounds embody these very desirable 


jern requirement’ 


prawing 


Qut 
nd mot 


ind for 


nor 


Comp 
and 


features a 
of prawing 
severes ferro 


EE 
ENGINEER, Octob 
ober 1953 


\ve the ar a > is needs 
proc esse flow \ \yray die damadt lie 3 % 
(/ We have ava medium a 
tals ine Juding, and advise. ~ 
AUTOM 08 
117 
x 


FOR 
CONSULT sees 


PLASTICS 


for Aztecs 


to Zulus 


Now many are the customers 

Whom we supply with plastics, 

From Picts and Scots and Men of Kent 
to Eskimos and Aztecs. 


The M.O.S. and C.V.A. 

Our list of names embraces 

While Vauxhall, Ford and A.C. Sphina 
Have put us through our paces. 


MURPHY too and REGENTONE 
And others we can’t rhyme, 
All know that Ekco-moulded parts 
Will stand the test of time. 


We make a lot of plastic parts 
For Messrs. FRIGIDAIRE 
Whose ‘frigerators’ 

Keep food fresh 

And tasty everywhere. 


¥ 


Our list of names include 

The G.P.O. and ARROW SWITCHES, 
ELCO Clocks and GOBLIN too, 

And RICHARD CRITTAILL 

Which is 


— all we've room to mention 

In the space that we're allowed — 
But quite enough to prove 

That EKCO PLASTICS 

Do you proud 


EKCO 


% Send for our fully illustrated brochure 
entitled ‘ Plastics for Industry.” 


PLASTICS 


K. COLE LTD. SOUTHEND-ON-SEA, ESSEX 


Members of the British Plastics Federation 


introduce 


TWO NEW 
FILTERS) 


i 


B.1681 VISIBLE 
FILTER 


FOR COMMERCIAL 
VEHICLES 


A line filcer with a 4” B.S.F. 
x 44” long stud fixing at the 
top for fitting to a bulk- 
head, witha bracket which is 
supplied with each unit. 
Ref. Pipe Union 
No. Size Type 

B1681A Solderiess 
81681B “  Soldered 


1124 VISIBLE 
FILTER 


FOR VEHICLES & 
STATIONARY 
ENGINES 
A line filter with a fixing lug with 
hole for bolt 


Ref. i Union 
No. Type 
1124A Solderiess 
1124B Solderiess 
1124C Soldered 
1124D Soldered 


Order through your local garage, but 4 ha 
any difficulty, contact the 


BENTON & STONE LTD., ASTON BROOK STREET 
BIRMINGHAM 6 
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VANDERVELL 


the 
MOTOR 


EARLS 


THIS MARK 
ON ALI. VANDERVELL 
PRODUCTS 


STAND No. 268 FIRST FLOO 


* 


VANDERVELL PRODUCTS LTD 
WESTERN AVENUE - PARK ROYAL - LONDON W.3 
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The solid argument is that it is not solid * 


That good car the ‘‘Bristol"’ lived up to its reputation 


when the ‘450° 2 litre coupé model was first in its class 


in the Rheims 12 hours race against one of the most 


formidable fields ever entered. The car was good and 


the driver was good but so too was the chassis made 


from Accles & Pollock tubes, the chassis that justifies 


every car designer's choice. Accles & Pollock 


supply tubes for the customer to make up, 


or they will undertake the complete fabrication 


of the chassis; and their specialised 


experience is freely at the disposal of 


car designers and builders. 


ACCLES & POLLOCK LTD. 


OLDBURY BIRMINGHAM 


MAVITTA 
DRAFTING MACHINES 


A complete range of Drafting Machines for Boards up to 
§0 feet long, both vertical and horizontal. 

Adjustable Drawing Stands and Boards. 

Mathematical Scales in various materials. 

Surveyor’s Rods. 

Isometric Projection Machines. 


THE MASTER —latest 
; in our range— Linkage 

by steel bands and 
pulleys—360 degrees 
rotation of index head — 


automatic location § of 


main angles by press but- 
ton through knob—quick 
release of head for lining 
up to drawings—counter 
balanced for vertical 
use—modern styling and 
high quality finish. 


FULL CATALOGUE ON 
; _ APPLICATION 


The MAVITTA DRAFTING MACHINES LTD. 


HIGHLANDS ROAD + SHIRLEY - BIRMINGHAM 
Phone: SOLIHULL/2231/2. Grams: Mavitta, B'ham 


Vakers and Manipulator A () COMPANY 


In chirty years and more we 
have designed and made a lot 
of springs—good springs from 
the best materials available. 

Now we feel we really have LEAVE 17 Tg 
springs at our fingertips, and 
there isn’t much we don't 
know about them. Don't you 
think all chat experience OF REQOITCH 


would be useful to you? 

Est. 1919. A.1.D. approved 
FHE LEWIS SPRING CO. LTD. 
(Springs, Spring Clips, Presswork, Wire Forms). 
RESILIENT WORKS, REDDITCH. 

Telephone : Redditch 720/1/2 


LONDON OFFICE : 
321 HIGH HOLBORN, W.C.1 Telephone : Holborn 7479 & 7470 
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SPRAYLOGICS-the Facts of Spray Painting y ae 


What wrong with this picture 


There are no prizes for guessing. But 
the answers are worth a lot to everyone 
concerned with spray finishing. You'll 
find them—and many others leading 
to improved quality of finishing and 
greatly increased production —in this 
exclusive DeVilbiss-Aerograph publica- 
tion. Write for your copy to Dept. 6S 


Send for 


“SPRAY GUN 


MOTION 


(No. 3 of a series) 


TWO OTHER PRACTICAL GUIDES 


which have already proved a boon to users of 
Spray Finishing 


1. ** A.B.C. of Spray Painting Equipment ”’ 
Answers 144 questions on use, care and adjustment of 
spray finishing equipment. 


2. Spray Gun Selection Guide ”’ 
Guide to the right gun for every spray finishing need. 


Have you sent for your copies yet ? 


STILL AVAILABLE FREE ON REQUEST 
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DEVILBISS 


The Aerograph Co. Ltd., Lower Sydenham, 
London, S.E.26. Telephone: Sydenham 6060 (8 lines) 


Branches and Showrooms: LONDON, BIRMINGHAM, BRISTOL, 
GLASGOW, MANCHESTER. 
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HE ZINC ALLOY DIE CASTERS ASSOCIATION 
includes all the leading zinc alloy die casters in the U.K. 
The Association and its Members welcome all enquiries on 
the properties, design and application of the castings. Prob- 
lems are submitted anonymously to the experts on its 
Technical Committee whose verdict is impartial. A list of 
publications will be sent on request. Enquiries regarding 
the supply of castings should be sent to Members whose 
names are given below. The Association is a non-trading 
body and is in no way concerned with any questions of price. 
FULL MEMBERS Firms mainly engaged in the pro- 
duction of castings for general sale. 


ADVANCED PRESSURE DIE- OHN IRELAND (WOLVER- 
CASTING CO. LTD., B'HAM. {AMPTON) LTD., WOLVER- 


ALLOY PRESSURE DIF pRo- HAMPTON 
DUCTS LTD. WILLENHALL. — JACKSON, HEYWOOD & CO. 

LTD., BURNLEY 

AYE ALLOY CASTINGS 
AVON DIECASTING CO. LTD., 
AVON DIBCAS! LTD., BIRMINGHAM 


BIRMINGHAM ALUMINIUM 
CASTING (1903) CO. LTD 
BRITISH DIE CASTING & 
ENG. CO. LTD., LONDON. 
BURDON & MILES LTD., 
ENFIELD HIGHWAY, MIDDX, 
CHASE NON-FERROUS 
METAL CO. LTD., ENFIELD. 
DIE CASTING MACHINE 
TOOLS LTD., LONDON. 
DYSON & CO. ENFIELD (1919) 
LTD., ENFIELD. 

FRY’'S DIECASTINGS LTD., 
LONDON. 

GILLS PRESSURE CASTINGS, 
BIRMINGHAM. 


METAL CASTINGS LTD., 
WORCESTER 

ORB ENGINEERING WORKS 
LTD., MANCHESTER 
PATENT DIE-CASTINGS CO 
LTD., LONDON 

SPARKLETS LTD., LONDON. 
STREBOR DIECASTING CoO. 
LTD., RADCLIFFE, LANCS. 
UNIVERSAL ENGINEERING 
CO., NOTTINGHAM 
WESTERN DIECASTINGLTD., 
BRISTOL 5. 


WOLVERHAMPTON DIE- 
CASTING CO. LTD., WOL- 
VERHAMPTON. 


ASSOCIATE MEMBERS Firms mainly engaged in 
the production of castings for use in their own products. 


ACME WRINGERS LTD., 
GLASGOW. 


AC-DELCO (GEN. MOTORS 
LTD.), DUNSTABLE. 


ARMSTRONG’S PATENTS CO. 
LTD., BEVERLEY, YORK- 
SHIRE 

W. & T. AVERY LTD., BIR- 
MINGHAM 

BLETCHLEY ENGINEERING 
CO. LTD., SLOUGH. 


BRITISH THOMSON-HOUS- 
TON CO. LTD., BIRMINGHAM. 


WM. COULTHARD & CO. 
LTD., CARLISLE. 


EVERED & CO. LTD., SMETH- 
WICK. 


CHARLES HILL & CO. LTD., 
BIRMINGHAM. 


INGALL, PARSONS, CLIVE & 
CO. LTD., BIRMINGHAM. 


ARCHIBALD KENRICK 
& SONS LTD., WEST BROM- 
WICH. 


LAN-BAR LTD.,BIRMINGHAM. 


OSEPH LUCAS LTD., BIR- 
INGHAM. 


MECCANO LTD., LIVERPOOL. 


METROPOLITAN PLASTICS 
LTD., DEPTFORD, 

METTOY CO. LTD., NORTH- 
AMPTON. 


PHILLIPS & CROSS LTD., 
BIRMINGHAM. 


RAWLINGS _MANUFACTUR- 
ING CO. LTD., LONDON. 


SHAW FOUNDRY CO., WIL- 
LENHALL. 

STANMORE ENGINEERING 
CO. LTD., STANMORE, 
MIDDLESEX. 

T. A. L. DEVELOPMENTS 
LTD., LONDON. 

WITHERS (WALSALL) LTD., 
WALSALL. 


YALE & TOWNE MANUFAC- 
TURING CO., WILLENHALL. 


ZADCA 


ZINC ALLOY DIE CASTERS ASSOCIATION 


Lincoln House, Turl Street, Oxford. Telephone Oxford 48088 
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A BETTER CLUTCH 
---FOR THOSE WHO MAKE 
BETTER MACHINES 


FROM STOCK we vo Fo 


LARGER SIZES AT SHORT NOTICE 
WRITE FOR PUBLICATION 4706/1 


GRINDING MACHINE USING CROFTS 
TOTALLY ENCLOSED BOM-L MULTIPLE 
OIsc CLUTCH 


HEAVY CAKE 
MIXING MACHINE 
FITTED With No 3 
& No 6 BOM-L CLUTCHES 


CROFTS (encineenrs) LTD., BRADFORD 


”7 SWING TOOLROOM LATHE FITTED 
WITH No? BOML TYPE CLUTCH 


P.V.C. WING PIPINGS, as supplied to leading motor 
manufacturers and builders at home and abroad, 
have proved that plastic materials survive the severest 
tests. Whether as standard fittings used as wheel arch 
pipings or specially designed joint mouldings our sections 
are guaranteed to meet your particular requirements. 
Extrusions are our business not just a department. 
Please write for brochure on extrusions for the motor industry. 


C. & C. MARSHALL LTD. 


PLASTRIP HOUSE 
OAKLEIGH ROAD NORTH, LONDON, N.20 


Telephone: Hillside 5041 (3 Lines) Cables: Tufflex, London 
Telegrams: Tufflex, Norfinch, London 
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ments devoted to our products, the very 

essence of the Rivnut is its versatility. You 
fasten with it and to it—or do both at once. 

You can use it as a blind rivet or nut plate 

or both. Strong, light and really simple to u 
the Rivnut can be upset with a simple too 
entirely from one side of the work, and 

is threaded internally to provide an 

additional firm anchorage to*which 

further attachments may be m 


Thi of advertisernents may serve to gi 
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For reliability 


for more | are fitted to the new 


production 


Engineers in the 


motor industry, like 


their counterparts in 


other branches of 


engineering, know that 
6 g PERRY CHAIN COMPANY LTD., TYSELEY, BIRMINGHAM 


the best work can only 


use the best tools. That = 
is why they always = ( 1) 
y they alway : 


ask for INTAL tools. 


(BIRMINGHAM) LIMITED 
MIDland 0553 


Drills Reamers 
Milling Cutters 
Ground Thread Taps 


DESIGNERS OF: 


MOTOR BODY 
PRESS TOOLS & 
ASSEMBLY JIGS 


Obtainable 
from your 
stockist 


| 
| 


SINGLE & DOUBLE ACTION 
= DRAW DIES - RAISE, FLANGE & 
= WEDGE ACTION DIES - FORM, = 
= CURL & BRAKE TOOLS - SUB- 

= ASSEMBLY JIGS & MAIN BODY 
BUILD JIGS 


THE INTERNATIONAL TWIST DRILL COMPANY LTD 
INTAL WORKS, WATERY STREET, SHEFFIELD, 3 = 
Telephone: Sheffield 23072-3-4 Telegrams: ‘Fluted, Sheffield 3" 
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TELEGR BERL ANS 


PROPELLER SHAFTS 
AND UNIVERSAL JOINTS 


HARDY SPICER LIMITED. (A Birfield Company), WITTON, BIRMINGHAM, 6 
HARDY SPICER (AUSTRALIA) PTY. LIMITED, SOMERS STREET, BURWOOD, €E.13, VICTORIA, AUSTRALIA 
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MECHANICAL HANDLING TNGINEERS eves Ric A 
once ANO works Net 
4 It gives us pieasurt to record that we are gatistiee with 
your propeller snafts vnich we use 4n yare® numbers an the Bi. 
Production of our wellknowm coles modiles and af 
I system provides separar® motors for each crane operation and j 
missio® of torque from prime povert to generator and qrom 
we puild cranes ¢rom ton yarting capacity up 20 tons 
capacity and we use gary ins numbers of your 
shafts each» from 2 up to 3S many as 9 propeller shafts 
qne Hardy spice! needle pearing propeller shafts with 
aniver yoints are very ovr pur pose and give 
generat to the many thousands of coles crane 
users qn more than 100 countries the world: A 
you are at yiperty to use this an any way you choos? 
Ai 
if 


peak 
power 
service 


Books on every aspect of motor 

car maintenance and repair can 

te quickly obtained from Smith’s. 
Lists of the appropriate technical 
books gladly supplied on request. 
Books not in stock quickly obtained 

to order. Our Postal Service sends books 
to any address at Home or Overseas. 


Get the books from 


W. Smith & Son 


SHOPS AND BOOKSTALLS EVERYWHERE 


HO 


e@ FULLY CLEAR MIXTURE. 


e@ LESS NEED FOR WATER SOFTENING. 

@ WHEEL GRAINS FASTER CUTTING. 
SUPERIOR WORK FINISH. 

e FOAMING NON-EXISTENT. 


Write for more details to :— 


FLETCHER MILLER LIMITED 
ALMA MILLS, HYDE, CHESHIRE 


FM 144 CF81 


* Standard Industrial V-Belts.. . 
* Static, Heat and Oil Resistant V-Belts... 
% Steel Cable V-Belts... 
%* Rayon Cabled Cord V-Belts... 
* Dry Cotton V-Belts... 
... you can get them all from 


the largest manufacturers of V-Belt Drives in 
the Commonwealth. 


send your enquiries to 


J. H. FENNER & CO. LTD. 


HULL, YORKSHIRE, ENGLAND 
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Photograph by courtesy of The Daimler Co. Ltd., Coventry, and“ Automobile Engineer’ . 


SALTER 
LAMINATED 


TORSION BARS save 


SPACE — the smallest suspension unit possible 
MONEY —the production process is not costly 


TIME — fitting to any chassis is simple 


GEO. SALTER & CO. LTD., WEST BROMWICH 
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WHENEVER there is a need in industry for 
mouldings in Natural Rubber, or Synthetic 
compounds, consult P. B. Cowand Company Ltd. 

For over 100 years we have given service and 
advice to industry. 

Our team of experts, fully conversant in the 
latest production methods — our laboratory, 
always one step ahead with the latest develop- 
ments in rubber technology, are for your 
service. Make use of them. 

Write or ’phone for one of our Technical 


Representatives to call. 


vp. B. Cow & COMPANY LTD. INDUSTRIAL SALES 
DIVISION STREATHAM COMMON S.W.16 
Telephone : Pollards 4481 
Telegrams : Liloprod, Streath, London 
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HOLDFORD ROAD - 


AMAL LTD - WITTON - BIRMINGHAM 6 


Cary springs, made for all s of road vehicles—from the private 
car to the heavy lorry—are of the highest quality and incorporate 
the skill and experience of over 100 years of spring making. 

For the quantity production of coil springs for car suspension a 
modern factory has been equipped with facilities of the latest type 
including centreless grinding shot peening and crack detection. 


WILLIAM. E. CARY Ltpb. 
RED BANK + MANCHESTER 


Telephone: DEAnsgate 7881 (10 lines). 
Telegrams: Carybank, Manchester 
Also at 
SALFORD, GLASGOW, LONDON & COVENTRY 
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The man in the shop . . . like the automatic arc 
welding operator seen here . . . can only produce 
good work if you give him the latest information 
(and the proper tools) with which to do the job. 
WELDING & METAL FABRICATION, founded in 1933, 
is the journal covering all aspects of fabrication— 
from forming and shaping to final assembly. Its 
information keeps you in touch with the newest 
developments in fabrication, plant, processes and 
techniques. Send your subscription (33s.6d.) to 
Dorset House, Stamford Street, London, S.E.1, 


or write for a specimen copy. 


Keep up-to-the-minute with 


Welding ancl 
Metal Fabrication 


The makers of the 


World’s most Rugged 


Me 
we 


Trucks Specify... . 


GEARS 


THE MOSS GEAR CO., LTD., CROWN 
Phone : ERDington 1661-6. 


WORKS, TYBURN, BIRMINGHAM, 24 


’Grams : “ Mosgear, Birmingham.” 
6347 
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At bottom, they’re ‘tops 
Topclassin design, materialand 
manufacture, Flexello castors 
solve the basic problem of easy 
movement for heavy loads. 
Send for the new catalogue— 
the most comprehensive in Europe. 
OVER 300 VARIETIES 
Wheels of 20 types and 15 
sizes. Ball, roller and plain 
bearings. Laboratory 


tested to specified 
Twin bogies F | 1 | 
conquered 4 xe O 


load capacities. 


at last! 


FLEXELLO CASTORS & WHEELS LTD., Trading Estate, Slough, Bucks 
, Telephone : Slough 22271 & 24121 (6 lines) 


DUST AND WATER ENTRY has 
for long been a major problem for all 
Body Engineers. Extensive study and 
experiment has convinced us that it 
cannot be solved by metal formation 
only. With the aid of our Plastics 
factory we have at last found the solu- 
tion in our “Snap Sacs” (patent : 


applied for). SH OTB LAST 
They can be used with any of our i 

Snap-in Fasteners, already in extensive d é 

use in the trade, thus obviating any GABINETS 7 


major change. “Snap Sacs” are sold 
with the fasteners. Low in cost—Easy 
to apply—Satisfactory in use. A slightly 
larger hole is all that is required for Motor Show 
STAND 531. 


A generous supply of experimental ; 
é‘ eae Upstairs at Earls Court 
samples is waiting for You. 

we shall be very pleased 
to suggest the many 


small items you can sand 
CARR FASTENER CO. LTD. blast in these utility 


Stapleford, Nottingham. cabinets to obviate 
Telephone: Sandiacre 2234. costlier methods. 


—_ GUYSON INDUSTRIAL EQUIPMENT LIMITED 


Birmingham NOATH AVENUE, OTLEY. YORKS 
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Reliable Castings 


IN BLACKHEART MALLEABLE 


Founded in 1906 and suppliers to the 
Motor Trade for over 40 years. Pioneers 
in the use of rotary furnaces. Laboratory 
controlled throughout. Notable for accur- 
acy, reliability and easy machinability. 
We have our own machine shop and 
castings can be supplied fully machined 
if desired. 


FOLLSAIN WYCLIFFE 
FOUNDRIES LTD., LUTTERWORTH 
Nr. Rugby. Tel. Lutterworth 10 & 60 


A group of typical castings in regular production 


hadn't... . But YOU CAN HAVE 


DRAUGHT EXCLUDERS 
HIDEM BINDINGS 
WING PIPINGS 
WELTINGS ETC. 


H. G. GRAHAM & SON LTD. 
CAMCOL HOUSE, DORRINGTON STREET, LEEDS 2 
Factories 
19/21, DORRINGTOM STREET } LEEDS 


and PERSEVERANCE MILLS, > 
Tel. 22841 (2 Lines) 


London Office 
$30. Leysian Buildings, 
Telephone: Clerkenwell 9130 


:— Mr. D. A. ATKIN, 9 Queens Road Coventry. Tel.: 5038/9. 
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MET EAS 


Four-stroke diesel engine cylinder 
liner showing the 9.8425” bore 
Monochrome processed with per- 
fect oil control provided by 
the HONE YCHROME cellular 


surface, 


we 


Resistance to wear 
OF 
DIESEL ENGINE 
CYLINDERS IS 


STUDLEY ROAD, REDDITCH, 
Telephone: Studley 121/23 4 


WORCS 


GLOVERS 


If you use Drop Forgings, this 

folder will interest you. Leading 

manufacturing concerns use Mitre precision Drop Forgings in order to 
maintain quality and keep production costs down to the minimum. 


A.J. VAUGHAN & CO (MITRE WORKS) LTD 


WOLVERHAMPTON ROAD, WILLENHALL, ‘Staffs. phone 486/7. 


The Most Positive 
Worm Drive 
he slots are pierced right — 
through the band, thus — 
affording the worm or 
screw an absolutely certain 2 
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its your problem? 


Insulation? Protection? Silencing? Sealing? 


Simple or complex, Redfern’s will help to solve it. We have the 
experience, capacity and resources for economical bulk produc- 
tion of moulded components and extruded sections in natural 
and synthetic rubbers, and ebonite. Plan with all the knowledge 
of our technical staff at your elbow — we are always pleased to 
advise on the use of these versatile materials, and translate de- 
signers’ ideas into terms of efficient production. Send us your 
enquiries—we will do the rest! 

Literature is available describing our service — MOULDINGS ... 
EXTRUDINGS . . . anti-corrosive LININGS & COVERINGS .. . FLOW 
FITTINGS (piping, cocks, tees, etc.,) . . . chemical-resisting 
UTENSILS . . . FABRICATED PARTS to specification. 

A request to add your name to our mailing list will keep you 
up-to-date with publications dealing with any of these items. 


RUBBER & EBONITE 


WILL HELP YOU SOLVE IT! 


MOULDINGS — EXTRUDINGS — FABRICATED PARTS AND UTENSILS REDFERN'S RUBBER WORKS LTD +: HYDE +: CHESHIRE 


Ask for full 
details at your 
nearest 


ARGONARC B.0.C Branch 
AUTOMATIC SPOT WELDING 


achieves full fusion with application 
to only one side of work, joins thin 
to thick sections, and requires no 
skill, no goggles, no screens. Fast Sheet spot welded to box section 

flux-free welding on stainless steels 

and bright mild steel. A weld can be Stainless steel sheet spot welded to mild 
made wherever the compact torch steel T-section stiffener 

can be positioned. The apparatus is 

transportable. § = Cylindrical section tack welded externally 


KO THE BRITISH OXYGEN CO LTD 


LONDON & BRANCHES 


Lap joint spot welded from above 


Outline of spot in 20 g. stainless steel 
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REG. TRADE MARK Nos. 


British Patents Nos. 386895 0m 


Cut their own 
machine screw thread 


FOR GREATER STRENGTH & FASTER ASSEMBLY 


FOR METAL 


TYPE1 


(All standard threads) 


FOR DIE CASTING 


TYPE 23 


end standard threads) 


FOR PLASTICS 
& SHEET METAL 
( Spectal coarse pitch thread ) 


A.I.D. APPROVED 


BARBER & COLMAN LTD 
MARSLAND RD - BROOKLANDS - MANCHESTER 


TELEPHONE: SALE 2277 (3 LINES) 
TELEGRAMS: “‘BARCOL"’ SALE 


Factors’ and Dealers’ enquiries to :- Wm. Clark (Spare Parts) Led., 
438 Harrow Road, London, W.9. 


Ig nore this 
and it may 


Faulty ignition, indifferent lighting, inefficient 
charging, all cause delay and consequent loss 
of money. At the first sign of any of these 
danger signals, do the wise thing, have your 
truck rewired with AERIALITE, the Safe, 
Dependable Auto Cable. 


AERIALITE LTD., STALYBRIDGE, Cheshire 


THE 


Safe, Dep endable 


UNSURPASSED FOR PURITY, 
UNIFORMITY AND DURABILITY 


RODS & TUBES 


Chill Cast Rods & Tubes 4” to 10” 
diameter x 26” long in Gun Metal and 
Phosphor Bronze. 


WHYTE COLLINS LTD 


TELEGRAMS | 
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The simplest and most economical system of pre- 
treatment against rust is the jenolizing process, in which 
only three operations are necessary—(1) degreasing, 
(2) water rinse and (3) combined rust and scale removal, 
rust prevention and phosphate coating. The treated surface 
provides an excellent key for final painting and finishing, 
no neutralising being necessary. 

Where vehicles are to be dispatched overseas in com- 
plete knock-down form, jenolizing gives full protection 
against rust. 

Jenolite Ltd. supply and install complete treatment 
plants of any capacity. Their technicians will gladly advise 
on any problem relating to rust removal and prevention. 


LONDON: 43, Piazza Chambers, Covent Garden, W.C.2. Tel: TEM. 1745, 3058, 5059 


GLASGOW; Jenolite House, 304, High Street, Glasgow, C.4. Tel: Bell 2438/9 
263/24 


Assessing all that is new in 
Britain’s Plasties Industry 


PLASTICS PROGRESS 
1955 


How much do you know about the extending use of reinforced plastics 
for automobile bodies ? The latest information on glass and asbestos 
reinforced plastics is in PLASTICS PROGRESS 1953, being the full text 
and illustrations of papers and discussions at the British Plastics 
Convention in June. Five of its 23 papers cover the subject. Others 
cover—material developments; unplasticized p.v.c; durability and 
performance of plastics in service ; problems and economics of injec- 
tion and compression moulding ; metallization of plastics; and new 
uses of plastics in industry. Order a copy today. 


Order now 50s. net. By post sis. 44. 


From booksellers or direct from : 


lliffe & Sons Ltd., Dorset House, Stamford Street, London, S.E.1 
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making 
contact 


In your products there are probably 
many points at which a fine limit 
Switch would be invaluable — for 
limiting travel for operating 
warnings for controlling clutches, 
valves, etc., in correct sequence 
and many other applications. 
There is almost certainly a 
Burgess Micro-Switch to suit 
your particular application. 
Please write for Catalogue 

No. 50 2 


Ref. CRQ. 
This Switch is specially 
designed for panel mounting. 
Many other models are available. 


BURGESS 


MICRO-SWITCHES 


Industry’s Automatic Choice 


BURGESS PRODUCTS COMPANY LTD 
Micro-Switch Division, 
Duke’s Way, Team Valley, Gateshead 11. 
Telephone: Low Fell 75322 3 


he 
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BEADED ON THREE SIDES 
AND REINFORCED WITH 
CANVAS THROUGHOUT 


HERMETIC RUBBER CO. LTD. 


HERMETIC WORKS - RYLAND ST - BIRMINGHAM 16 
PHONE EDGBASTON 09834 1895 GRAMS HERMETIC. BIRMINGHAM 


isa Registered Trade Mark of the manufacturers. 


Geo. TUCKER EYELET Co. Ltd. 


one Walsall Road 
Consultants and Too! Manufacturers: AIRCRAFT MATERIALS LTD., 
Midland Road, London, N.W.1 


THE MODERN SYSTEM OF RIVETING 
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We must put our heads rogetner and make ginal decision 
avout chat awkward riveting job. \am convinced chat “por” 
: Rivets gre the answer: Riveting can be complete? from One 
side of the surface only with security and speed: and those 
almost corners will be easy get a: 
“por” Rivets increase production with fewer operatives: 
“por” riveting js the modern syste™ where the 
weakness of the human element is entirely 
during rhe actual riveting operatio™ 
Ive 


Taking it in oUF —_ 
There’s nothing new 

under the sun, they say. It’s 

surprising how many ‘insuperable 
obstacles’ are brought to us 

that we took in our stride ten, twenty, 
thirty years ago. If it’s anything 

to do with turnings and pressings we 


probably know the answer already. 


Why not call us in and see ? 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS, PARK ROAD, BIRMINGHAM 18 
Tel: NORthern 6221 


WORLD’S FASTEST 
PRODUCTION CAR 


(UNDER 3,000 c.c.) 


AUSTIN-HEALEY 100 


uses 


PBIM ALLOY CASTINGS & MACHINING SERVICES 


PBM Castings and Machining Services are utilised in the Austin-Healey 
Hundred and we are proud to be associated with Mr. Donald Healey’s 


successes and his Austin-Healey Car which made them possible. 


When engineering dependability is important PBM Castings are always used, 


whether the field is motoring or flying. 
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PRESSWORK AND ASSEMBLY 


BLANKING, DEEP DRAWING, WELDING 


ENGINEERS’ 
CUTTING TOOLS 
IN 
“DOUBLE MUSHET” 
HIGH SPEED STEEL 


Blanking up to 24” » 18”. Drawing up to 8” depth. 
All types of presswork up to 200 tons capacity. 


SAMUEL GROVES & Co. Ltp. 


Because of their consistently high standard of accuracy MUSGRAVE ROAD, HOCKLEY, BIRMINGHAM, 18 


and performance, ‘‘Mushet'’ Brands of Engineers’ Telephone: Telegrams : 
NORthern 3634/5 Sevorg, B'ham 
Cutting Tools, made from the famous series of ‘‘Mushet"’ 


high speed steels, are renowned wherever engineering 
takes place. 


The Osborn range of Engineers’ Cutting Tools covers 
every machining operation—fine tools backed by 
generations of experience. 


For long life and better production specify 


“DOUBLE MUSHET” TOOLS 


Large Diagrams 
up to 
144” x 74” 


- 

No complex 


electric cir- 
cuits. Replace- 


ments are 
LO» | negligible. No 
| glass compo- 
$3 (J LD nents. Sim- 
Seis | CS plicity ensures ready understanding and manipulation 
RHE? } Wyo without special knowledge. Very large diagrams. No 
ee Photography, thus saving time and trouble. Calibration 
| Lines can be recorded while 
taking Diagrams. 


DOBBIE M°INNES LTD 


Noutical Engineering. Instruments 
 BROOMLOAN RD GLASGOW SWI 


SAMUEL OSBORN CO 


Also at SOUTH SHIELDS - LIVERPOOL LONDON 
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Why is it? 
Many famous concerns, large 


and small, in every industry use 


CLAYTON overhead cranes. 


Household names like Rolls- 
Royce, Vickers-Armstrongs, 
B.S.A., Ford Motors, Leyland 
Motors, and G.E.C., to mention 
but a few. People who choose 
the best equipment for maximum 


production, 


If you are interested in overhead cranes, send CLA YY rON 


for our Catalogue No. 485B, 


THE CLAYTON CRANE & HOIST CO. LTD. 


IRWELL CHAMBERS EAST - UNION STREET - LIVERPOOL 3 


Telephone: CENtral 1141 (4 lines) Telegrams: CLAYMAG, LIVERPOOL 
Represented in all principal countries 


A 


Mate Tree ~ 


RESILIENT - GRIP 
MOUNTING BOLT 


@ For fixing in concrete, @ Cleaner and quicker to 
brick, masonry, wood fit. 


or metal. 

@ The fastening is made @ Can be used repeatedly. 
with rubber, providing @ Standard sizes from }” 
atenacious resilient grip. dia. to 2” dia. in both ee, Be P 

@ Shockloading of founda- MALE and FEMALE 
tions reduced. types. 


@ The Rubber used resists © Specials to any required ; N 


Vig 


oils and spirits. sine. 


7 bd 


@ The Bolt with its own 
spring washer. @ Write for catalogue. 


THIS IS ANOTHER 

A bolt that has limitless uses 
in countless industries with 
an overall saving in time 
and cost. 


PRECISION FASTENER 


L. H. NEWTON & co. LTD. Head Office and faetories: NECHELLS, BIRMINGHAM, 7. Telephone: EASt 1551 (16 lines) 
Branch Offices: LONDON, COVENTRY, MANCHESTER, BRISTOL & DUBLIN. 
Represented in: SOUTH AFRICA, NEW ZEALAND, INDIA, SOUTH AMERICA, DENMARK, NORWAY, HOLLAND, CEYLON and all MIDDLE EAST COUNTRIES. 
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% IN ALL METALS 


As specialists in the production of precision 
pressings for the leading automobile and 
commercial motor manufacturers we are 
well equipped to handle all your 
requirements. 


ALE. JENXS & CATTELL 
tmited 


PHOENIX WORKS - WEDNESFIELD 
WOLVERHAMPTON 


1445/8 


9 


5a 


: 
[mancantst sTet 


ALLOY AND SPECIAL 
CARBON STEELS 


Black rolled, bright drawn or smooth ground, in heat 
treated or unheated conditions. Free cutting steels, heat 
resisting steels, die steels, shear blade steels, high speed 
tool steels, stainless steels, valve steels. 


DUNFORD & ELLIOTT (Sheffield) - ., Attercliffe Wharf Works, 
Sheffieid, 9 


Telephone 4/121 (5 lines) Te grams: ‘Blooms, Sheffield, 9”. 
{iso at London and Birmingham. 


We have 


our own 


rolling mills... 


. and therefore control quality 
at all stages of production. 


Knother oe reason = engineers prefer 


BRIGHT 
STEEL 
rn 144 = BARS 


CARBON AND ALLOY IN ALL STANDARD SECTIONS. ALSO SUPPLIED, 
FULLY HEAT TREATED, TO ENGINEERING SPECIFICATIONS 


KIRKSTALL FORGE ENGINEERING LTD . LEEDS 5 - Telephone: HORSFORTH 2821 


M.12 
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BUSBAR 
TRUNKING 


the modern system 
of electric power 
distribution 


Busbar Trunking has revolution- 
ised electrical power distribution 
in the modern machine shop. 
Exposed wiring or groups of steel 
conduits taking considerable time 
and labour to install, are replaced 
bya versatile system of bare copper 
busbars enclosed in a steel duct. 
This trunking is made in standard 
12ft. lengths, easily extended in 9 


any direction, with 
ADVANTAGES 


tapping points every 
two feet into which a OF BUSBAR TRUNKING 
@ Can be installed in advance, since exact 


fused tapping box can of machines need be ksows. 
@ Motorised machinery can rearrange 
be plugged and the at will with a minimum of rewiring and 


nearest load connected @ Readily extendable to meet additional 


demands. 
by . short — of cable @ Totally enclosed, steel clad and fire resis- 
ting, neat in appearance. 
@ Loading capacities 300, 250 or 175 amps. 


G. M. ENGINEERING corteny st. many) LTD, 1 Victoria St., London, $.W.1 Tel: ABBEY 5095 Cables: Busbar, Sowest, London 


CUTTING or WELDING 


Over 100,000 of all types and 
sizes carried in Stock 
SPECIAL DISCOUNTS 
FOR QUANTITIES 


SEND YOUR ENQUIRIES 
TO :— 


SOUTH END - CROYDON SURREY. Tel. CROydon 3158-9 
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-.. speaking of Bearing Bushes ... 


Migh tensile. high load-carrying 


CAROBRONZE 


means 


e SHORTER & THINNER BUSHES 
e ECONOMY IN METAL 

e ECONOMY IN MACHINING 

e INCREASED EFFICIENCY 

e LONGER LIFE 


CAROBRONZE BRAND COLD DRAWN 
PHOSPHOR BRONZE TUBING 


CAROBRONZE LTD. Telephone : 

School Road, CHiswick 0245 

Belmont Road, Telegrams: 

London, W.4. Carobronce-Chisk, London 


atic 
nes 
MACH! 


TTING 
siivets 


Works 


el 
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WIRE GONTROL MECHANISMS 
FLEXIBLE HOSE UNITS 


See for yourself why manufacturers throughout the World 
recognise the superiority of Genuine Bowden products. 


MOTOR EXHIBITION, EARLS COURT 


BOWDEN cencinecers) LTD., wittesnen yvuNcTION, LONDON, N.W.10 


ASBESTOS 


lll“ 


MANUFACTURERS OF JOINTS AND GASKETS FOR ALL TYPES OF IC. ENGINES AND POWER UNITS 


e COPPER §& ASBESTOS WASHER co LTD 


LIVERY STREET BIRMINGHA M3. 


TELEPHONE: CENTRAL 1467 TELEGRAMS: COPWASH’ 
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BEANS INDUSTRIES LTD 


” 
is provided by the Britool range of Socket Wrenches 
and Handles for British, American, Metric and Unified sizes. 


Hexagon, Bihexagon, Square and Bisquare Sockets, Midget 
to Giant. 


GIVE GENEROUSLY ON POPPY DAY. 
FOR OVER 30 YEARS WE Stand No. 487, Transport Service, Equi ts 


Motor Exhibition, Earls Court. 

HAVE SPECIALISED IN THE JENKS BROTHERS LIMITED CBRITOOLY 
MANUFACTURE AND ASSEMBLY Bushbury - Wolverhampton \ WY 

OF COMPONENT PARTS FOR 

THE AUTOMOTIVE ENGINEERING 
INDUSTRY AND WE ARE PROUD 
OF OUR HIGH REPUTATION 
FOR QUALITY AND SERVICE. 


BOLTS, NUTS 
& SET SCREWS 
SERVE FOR 
ALL TIME 


Cc. LINDLEY & CO., LTD. 
TIPTON 1681 BEAN, TIPTON ENGLEFIELD ROAD, LONDON, N.!. 


S 7 A F F S Phone: Clissold 0643 (4 lines) | Grams: BEAUVOIR, NORDO, LONDON 
MOTOR SHOW, EARLS COURT, Stand No. 318, Avenue D. 
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The illustration shows the 

clean lines, accessible disposition 

of all controls and robust construction 
of the W & M 84” Centre Lathe. 


MMustrated booklet wil! be forwarded on request. 


CENTRE LATHE 


(960 R.P.M.) 


Designed and built 
for sustained production at high 
speeds, the new W & M 8)” lathe has 
set a new high standard of performance 
and reliability. Specification includes: 


Rigid diagonal 
braced bed with additional stiffness pro- 
vided by one piece fabricated steel base. 


e Rapid selection of 
spindle speed with clear indication of 
desired speed. 


Totally enclosed 
auto lubricated quick change feed gear 
box with provision for metric module, 
diametrical, and fractional pitch thread 
cutting without recourse to multiplicity of 
change wheels 


@ Totally enclosed 
auto lubricated apron with single lever 
selection of desired feed motion with 
choice of coarse or fine to each motion. 


e Large direct 
reading dials to feed screws 


WOODHOUSE MITCHELL 


(PROPRIETORS - THOS w. WARD LTD) 


PHONE. BRIGHOUSE 627 (3Lines): WAKEFIELD RD. - BRIGHOUSE: “RAMs WOODHOUSE. BRIGHOI 


CLANCEY L 


TE 
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BRITISH DRIVER-HARRIS co., 


; Flattened wire must have 
round wire must have good weldability and 


Besides a clean surface, 


ductility, with a stiffness 
that will ensure a precise 
spark gap over long pro 
duction runs 


enough softness to with- 
stand considerable cold 
deformation yet stiff 
enough for feeding 


with precise 
properties and temper 


The melting, rolling and drawing of spark-plug 
alloys presents no great problem. It is another 
matter to provide a wire with just those physical 
properties and temper which a spark-plug manu- 
facturer requires. That involves more than 


normal knowledge and normal care. 


We think we can offer very practical assistance in 
finding satisfactory answers to your own spark- 
plug wire problems and we will welcome your 


enquiries. 


MANCHESTER 15 


Copies on request. 


MESSRS. CHARNLEY & DAVIDSON LIMITED 
14, Dickens Street, 
BLACKBURN LANCS. 


EDWARD RUSHTON SON & KENYON 


are instructed to SELL BY AUCTION, piecemeal, on the above 
premises, at 11 a.m. on 


Wednesday & Thursday, November 11th & 12th, 1953 


MODERN MACHINE TOOLS 
AND ENGINEERING EQUIPMENT 


including: 

Churchill heavy crankshaft grinder 24°—36” x96” Type F; One Ditto 
26" x72"; Landis Ditto. Type G 18° x 36’; Baxter & Whitney internal 
cylinder grinder; Churchill plano surface grinder 8'x3' 9°; Surface 
grinder 32°*8"; Snow grinder; Cylindrical grinders; Too! & Cutter 
grinders; Carlton & Town 48” radial drills; Progress 4E vertical drill; 
3 Kitchen & Wade vertical boring machines; 4 Horizontal borers; 
2 Conrod boring machines; Kitchen & Wade & Delapena honing 
machines; Ward 7 & Gisholt 4 capstan lathes; Gisholt turret lathe; 
Centre lathes by Berry, Mitchel, Soag, Vulcania etc.; Centring lathe; 
Milwaukee No. 4, Vertical miller, Model H; Plain millers; Steptoe and 
Alba shapers; Screwing machine; tower hacksaws; Heenan & Froude 
DPX6 dynamometer; Hartridge fuel pump test bench; Injector test 
bench; Re-metalling plant, grooving machine, valve refacer, Van 
Norman boring bars; Hydraulic mandrel and arbor presses; Bench 
drills and grinders; Flex grinder; Hardometer; Crack detector; Matterson 
bevel gear dividing head; Engineers small tools and precision gauges; 
A.C. motors; PL gas profile cutter; Bending machines; Lever shears, 
band sander, electric and acetylene welders; 1.C.1. degreaser, 3 air 
compressors; Overhead travelling & swing jib cranes, runways, motorised 
and chain blocks; Steel and wood benches, cupboards, racks, vices, 
office furniture, desks, safes, filing cabinets, typewriters, adding machines, 
canteen equipment, etc. 


On view November 4th, 5th, 6th, 7th, 9th and 10th, 
9 a.m. to 5 p.m. (Noon on Saturday) and on morning of 
Sale. 

Catalogues may be obtained from the Auctioneers, York 
House, 12 York Street, Manchester, 2. Tel.: CENtral 
1937 8. 


STOCK RANGE 


Anderton to 10” 


DATA SHEETS 
AVAILABLE 


Write for them now to 


ANDERTON SPRINGS LTD. - BINGLEY - YORKSHIRE 
TELEPHONE : BINGLEY 2351 & 2226 TELEGRAMS: CIRCLIPS, BINGLEY. 


CIRCLIPS 


LTD. 


*THE ELECTRICAL ALLOY DATA BOOK’ 


This is a most useful general refererce. 


MEKELITE 
GEARED JOINT 


INDUSTRIAL 


LIGHTING 
UNITS 


Catalogue sent free on request. 


MEK-ELEK Engineering Ltd., 


17, Western Road, Mitcham, Surrey. 


For wall, bench or machine mounting, 
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REAMERS 


Spencer 


made from Sp encer 


STANDARD & SUPER GRADES. 
WALTER SPENCER & CO. LTD., 
CRESCENT STEEL WORKS, SHEFFIELD, 4.  High Speed Toots. 

‘TRIPLE CRESCENT” Alloy Tool 


Telephone: SHEFFIELD 25281 (2 lines), Steels, Broaches, Stay Taps, Machine 
Telegrams: ‘CRESCENT SHEFFIELD, 4.” Parts, etc. 


AND AT LONDON + BIRMINGHAM + MANCHESTER “CRESCENT”? Tool Steel and Tools. 


PRESSINGS 
TURNED PARTS 
ASSEMBLIES 


in ferrous or non-ferrous metals, 
electro or enamel finishes for the 
Automobile Industry and the General 
Engineering Trades. 


Component parts or complete as- 
semblies designed and produced 
to the customer's requirements. 


Our technical staff will be pleased 
to advise. 


W.H.BRISCOE & CO. LTD. 
WHARFDALE ROAD, TYSELEY, BIRMINGHAM 11 


Telephone: ACOcks Green 1197 
Telegrams: ‘‘Brisk, Birmingham."’ 
Floldens 
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For 


COOPERS FELT MEETS TODAY’S NEEDS 


In 6 grades from soft to rock hard, and 4 qualities from 
medium grey to superfine high quality white, our range of 
polishing bobs includes the ideal wheel for every class of 


work. Send today for our free illustrated brochure. 


See our Stand at the Earls Court Motor Show, No. 226, Avenue 0, first floor F a A ' 


Please send enquiries to— 


Head Office & Works: COOPER & CO., (Birmingham) LTD., Brynmawr, Breconshire. 


Telephone : Brynmawr 312. Telegrams : Felting, Brynmawr. 


Registered Office & Works: Little King Street, Birmingham, 19. 


1928-1953 


As manufacturers of small compon- 
ents to the Automobile Industry, we 


QUICK DETACHABLE PIPE COUPLING 


for use on trailers with tractor controlied ‘are Rotate sleeve for safety 
brakes. Body ‘A’ fixed on back ot jock 


tractor, operation is as follows: Couplings rustproofed. Can be used P : if 
Move sleeve ‘B’ back, this allows steel for vacuum or pressure. Standardised have experience behind us now ex 
retaining balls to open and release cone by S.M.M.T.; in general use in tending over 25 years. We specialise 
‘C’. When connecting, hold sleeve ‘B’ America. Safe working load of 4,000 in Mouldings to your own drawings 
back while inserting cone, Internal Ibs. per sq.inch. Can be supplied with and specifications for 


spring then returns sleeve to “locked” an automatic shut-off valve. ehh aur eauteoen 
FEENY & JOHNSON LTD WEMBLEY | | iully equipped. HARRISON BROS 
P PLASTICS) Limite D 


Telephone: COLmore 4270 


Earls Gowe Ph EMbI 1/2 Scottish Motor Show Tel ARISUN, Ph 
STAND No. 406 one: WEMbley 4801/2 | Nov. 13th 39-43, BRANSTOW S? BIRMINGHAM'18 


CONSISTENT ACCURACY... 
precition aute-tunned para 


Trouble-free assembly is guaranteed by first class workmanship 
and modern plant. Quantity production of parts turned to your 
own specification, up to a maximum diameter of 14”, A.R.B. 
Approved. 


NORTHERN AUTOMATIC SCREW CO. > 


GOLF ROAD-HALE-ALTRINCHAM-CHES- PHOWE- ALT-2184-2497 


D3 
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SINCE 1807 


10, LLOYD'S AVENUE: LONDON -E.C.3. 


GEAR TOOTH ROUNDING 
and CHAMFERING MACHINES 


Automatic Operation, High Produc- 
tion Rates on External and Internal 
Gears, Starter Rings, etc. 


We also manufacture Rotary Cam 
and Profile Milling Machines, Short 


F Thread Milling Machines, Multiple 
EN Gl i EERING CO. LTD Drilling Heads and Machines, Tapping 


Machines, End Facing and Centring 


COVENTR =e z Machines, Special Machine Tools for 
Y Prone: COVENTRY 8864! High Production. 


Rathbore/1664 
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PRESSINGS « FABRICATIONS 


I 
METAL 


PpRooucTs 


The items illustrated show only a 
few of the automobile components 
manufactured by us for the auto- 
mobile trade in our self-contained 
factory. 

We manufacture our own Press 
Tools; Fabrications, Spinnings, 
Assemblies, and are able to under- 
take all kinds of Metal Finishes. 


PETROL PUMPS —HUB CAPS — DUST COVERS 


ADAMS BROS. & BURNLEY LTD. (Mmeaxouaulkcclbae 


Elmgrove Road, Harrow, Middlesex. pr fe) d u Cc ed WwW i th 


Telephone: HARROW 6411 (5 lines) 
Multi-tool set up 
AIR CLEANER ASSEMBLIES — PETROL TANKS — WING COVERS — WING STAYS 


NITRIDED 


STEEL FACTORY 


of 40,000 to 50,000 square feet 
OPTIMUM HARDNESS & STRENGTH | | cor LIGHT ENGINEERING COMPANY 


iT ro) Y M IT E D Full particulars of suitable premises are requested by 
CHAMBERLAIN & WILLOWS 


85, TAPTONVILLE ROAD 23 MOORGATE LONDON, €.C¢C. 2 
SHEFFIELD 10 City 6013 


Telephone: Sheffield 60689 Telegrams: Nitralloy, Sheffield, 


‘MORE SILENT AND EFFICIENT 


Silencers of all types,for Cars, Commercial Vehicles, 
Tractors and Marine purposes. 

Any type of Silencer made to your own specifications. 
Straight thro’ — Two — Three and Six pass, also 
Standard Baffle Type. Enquiries cordially invited. 


ENGINEERING 
ALBION MILL CLAZEBURY NR- 


Tel: Culcheth 2167/8 -Cul 3133. Grams : Perfecto -Glazebury 
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at all stages of manufac- 
ture ensures a trouble 
free product. ... the 
reason why most manu- 
facturers use High Tensile 
Cylinder Head, Gear Box 
and other Studs made 


ARKER ST. BIRMINGHAM. 16. 


TELEPHONE: EDC beston.3607. 


We are proud to be associated 
with this outstanding Bristol 
success — 1st in the 2-litre 


class at 92.65 m.p.h. 


Post 
a> OFFICE 
STAM 


TEL 
EGRAM 


fe Tum 
Nanded in. ¢ 


Orgy 
Servic 
Word, 


ICIMARE, 
x WOLVE 2HAME TON 


RADIATOR 


SIMS 42 HOuRs 


y 


All Bristol cars 
are fitted with 


For assistance on any out a A R S T 0 N 
problem connected with ae ; R A D j AT 0 p ©. 


heat exchange, write to:— 


MARSTON EXCELSIOR LTD., WOLVERHAMPTON & LEEDS 


(A subsidiary company of Imperial Chemical Industries I sd.) 
MAR.117 
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| | AUTOMOBILE CHASSIS DESIGN | 


eli 
@ Good Deliveries 2nd EDITION. By R. DEAN-AVERNS 


@ Closest Co-operation 
at all stages of . This volume, published for AUTOMOBILE ENGINEER, provides 
a comprehensive survey of all the fundamental aspects of 
Design and ; automobile design apart from the prime mover. The second 
Manufacture edition contains new chapters on the techniques of indepen- 
dent suspension and chassisless construction, together with 
new material on methods of stress measurement, anti- 
corrosive treatment = road spring design and 
<@ streamlining. Much of the emphasis is on the problems of the 
ww WEAR j N G heavy per. hte vehicle, but in genera! the seve is applic- 
LIMITED abletocardesign. 30s. net. By post 30s. 8d. 


associateo 


< Carters Green Foundry, West B ich . 
ILIFFE Obtainable from all booksellers or from : 
DORSET HOUSE, STAMFORD ST., LONDON, S.E.1 


= HOBSON LATHES 


54” Centre Precision Screwcutting Lathe 


Featuring: All geared Headstock Taper 
Roller Main Bearings %*& Bed length 44° 
% Compound Slide * Quick Release Tailstock 
%* Swing over Bed 11” % Heavy construction 
throughout * Built to last %*& Low Initial 
Cost * Prices from £105. 


VICTA ENGINEERING CO., MAIDENHEAD. Telephone: 50 
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NON-FERROUS METALS 


Cold Rolled Sheet & Strip, Rods 
& Bars, Wire & Drawn Strip, 
Tubes, Chill Cast Bars, CHARLES CLIF 
Phosphor Bronze, Gun Metal, Lim ITED FORD 
Brass & Copper, Gilding Dog Poo! Miri 


Metal etc. Birmingham 39 


and 


Fazeley se Mills, Birmingham 5 


Specialists in the production of Wrought High Tensile Alloys 
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CLASSIFIED ADVERTISEMENTS 
RATE iy word, minimum 4/-. Each 
paragraph ged separately. Box number 
5 words—plus 1/-. Advertisements for the 
November, 1953, issue should be to hand not 
later than first post October 2ist. No 
}_responsibility accepted for errors. 


The engagement of persons answering these 
advertisements must be made through the local 
office of the Ministry of Labour «nd National 
Service etc. tf the applicant is a man aged 
18-64 or a woman aged 18-59 inclusive, unless 
he or she or the employer is excepted from 
the provisions of The Notification of Vacancies 


SITUATIONS VACANT 


QE of the foremost manufacturers of two- 
and four-stroke internal combustion engines 
invites applications for the position of Senior 
Designer. 
‘THE position offers unique opportunity and 
scope for a fully qualified man. A_ sound 
background in the design of internal combustion 
engines, petrol and diesel, is essential, and Higher 
National Certificate or a Degree in Mechanical 
Engineering desirable, 
GOOD salary with future prospects, together 
with a Staff Superannuation Scheme is offered 
PPLY in writing, giving full details of 
present position, experience, education, age 
and salary required. All particulars submitted 
will be treated in strictest confidence. 
DDRESS all applications to the Personnel 
Manager, The Villiers Engineering Company 
Ltd., Marston Road, Wolverhampton. {4721 


ESIGN - DRAUGHTSMAN required 
motor cycle, transmission and engine design, 
with at least five years’ drawing office experience 
in the automobile industry. Position offers good 
opportunities for applicants who are interested in 
modern design and development. Write, givin 
full particulars, including — and require 
salary, to Box 0417, c/o Automobile Engineer. 
[4724a 


[TRAUGHTSMEN. Norton Motors Ltd., Brace 

bridge Street, Birmingham, 6, require at once 
Seniors and Juniors for development work. Inter- 
esting but hard work. State details of age, 
experience, salary required to Mr. Craig. [4728 


JUNIOR Designer required by Frazer Nash 
*? Cars. Apply giving details of experience and 
salary required to London Road, Isleworth, 
Middlesex. {4729 


JRESEARCH and Development Worker required 
in the Development Dept. of large Midland 
motor firm. Higher National Certificate or equi- 
valent. Write stating training, experience and 
qualifications. Box 0962 c/o Automobile 

4730 


IG and Tool Draughtsman required by outer 
e London company manufacturing I/C engines 
and commercial vehicles. Permanent super 
annuated post. Five-day week, Application with 
full details of experience, age, etc., to Box 0963 
c/o Automobile Engineer. [4732 


[)RAUGHTSMAN required. Experience of 

heavy motor vehicle or trailer construction. 
S.W. Lanes. area. Give details of experience 
and wage required. Box F 444, Lee & Nightingale, 
Liverpool. {4733 


SENIOR Research Engineer required for 
6 product development and testing of auto- 
mobile components. Science or engineering degree 
or equivalent standard required. Also practical 
experience of aucomobile test engine work, Write 
iving age, details of education and experience. 
ox 1033 c/o Automobile Engincer. [4734 


MECHANICAL Engineering Draughtsman 

required for large engineering works in the 
East Midlands. Age 25-35, experience in auto- 
motive transmission design and/or excavators an 
advantage. First class working conditions, pension 
scheme, canteen and recreational facilities. Salary 
commensurate with experience. Applications giving 
full details of qualifications and 
salary desired to x 0964 c/o Automobile 
Engineer. [4738 


BANJOS 


for the 
AUTOMOBILE 
INDUSTRY 


ification 
je to customer's specif 
Made 
in any quantity: from the bar 
arts 
i se 
For Particularly 
m 
ad or roll threade Pialist 
cold he uf he spec 
ons 
machinists: 


M.C.L. & REPETITION LTD. 


POOL LANE + LANGLEY - BIRMINGHAM 
Telephone : Broadwell 1115 (4 lines) and 1757. 


Holdens 


SOCKET HEAD CAP SCREWS 
BY “UNBRAKO” & “G.K.N” 
Packed in makers’ original boxes, 
very clean and in first class condition. 
13,000 B.S.F, 3” 3” 
6,000... 
13,000... x13” 


Keen prices for quantities or the lot. 


WM. HURLOCK JNR. LTD. 


5-7, Kingston Hill, Kingston-on-Thames. 
Kingston 4526. 


COTTON BAGS 


FOR SPARE PARTS Etc. 


Walter H. Feltham & Son Ltd 


Imperial Works, Tower Bridge Road 


Telephone : HOP 1784. LONDON, S €E.1 


SITUATIONS VACANT 


JOUNDRYMAN required for India (Bombay 
Area) with considerable experience of auto- 


mobile engine castings, agg having 
specialized in cylinder blocks. Good _ salary 
according to experience, free passage. Willing 
consider man in late fifties with long experience 
in this kind of work. Apply in confidence giving 
full details of experience to Box 1007, c/o 
Automobile Engineer. [4741 


MACHINERY WANTED 


ANTED Secondhand Wear Testing Cornell 

of Falex’’ Machine, } in diam. steelpieces 
rotating between two steel ““V” blocks which 
are pressed against the shaft underload. Maker: 
Faville-LeVally Company, 

ANTED Secondhand S.E.A. Wear Testing 

Machine, testpieces of two 4in. wide 
cylindrical Timken rings of 1.9 in. diam., rotating 
in the opposite directions with their cylindrical 
surface in contact under pressure. One shaft 
rotates at 1,000 r.p.m., the other about 70 r.p.m. 
Maker: Society ge bile Engi s, U.S.A 
Box 0849 c/o Automobile Engineer. [4731 


PATENTS 


(THE proprietor of British Patent No. 604,006, 
entitled “* Clutch Structure,” offers same for 
licence or otherwise to ensure practical working 
in Great Britain. Enquiries to Singer, Stern & 
Carlberg, 14, E. Jackson Boulevard, Chicago 4, 
Illinois, U.S.A. (4735 


HE proprietor of British Patent No. 626,046, 
entitled ‘ Liquid actuated Centrifugal 
Clutch,” offers same for licence or otherwise to 
ensure practical working in Great Britain. En- 
quiries to Singer, Stern & Carlberg, 14, E. 
Jackson Boulevard, Chicago 4, Illinois, Uai36 
4736 


[HE proprietor of British Patent No. 629,449, 
entitled ‘‘ Apparatus for Handling Rim- 
equipped Tyres,” offers same for licence or other- 
wise to ensure practical working in Great Britain. 
Enquiries to Singer, Stern & Carlberg, 14, E. 
Jackson Boulevard, Chicago 4, Illinois, U.S.A. 
[4737 


[HE proprietor of British Patent No. 578,633, 
entitled “‘ Improvements in Articulated Road 
Vehicles,” offers same for licence or otherwise 
to ensure practical working in_ Great Britain. 
Enquir.es to Singer, Stern & Carlberg, 14, E. 
Jackson Boulevard, Chicago 4, Illinois, U.S.A. 
[4739 


OFFICE FURNITURE 
WENTY-FOUR 5Sftx2ft. 9in. steel lino- 
topped desks, 42 in. high with 10 in. top shelf, 

for disposal, with twenty-three tubular steel chairs 
and two 2 ft. 6inx2 ft. 9 in. steel desks. Reply 
to Box 1008, c/o Automobile Engineer. [4740 


THE ALL STEEL VICE 


that never lets go! 


FORTIS TOOLS LTD : 91 STATION ST., BIRMINGHAM 5 
or your local dealer 


THE ANTI-FRICTION BEARING CO. LTD., 
HARFORD STREET, 
BIRMINGHAM, 19. 

Manufacturers of Plain Bearings in Gun 

Metal Steel and White Metal. 


Tel. Nos: NORthern 2024-5 
Tel. Add: “Antifric’’ ‘Phone, Birmingham, 19, 


154 


SHEET METAL MACHINERY - 


ALL TYPES— NEW & USED. 


ASK for LISTS. 


MACHINE TOOLS - WOODWORKING MACHINERY 


EDWARDS HOUSE, 
359-361, EUSTON RD., LONDON 


Phones: EUSton 4681 & 3771 


41, Water St Birmingham, 3 
ater Bi 
* 7606-7)’ 
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SOUTHERN RHODESIA GOVERNMENT 
CENTRAL MECHANICAL EQUIPMENT DEPARTMENT 


e 
Vaca mecetes Senior Professional Officers—Grade Posts. £1,794 £72 to £1,938 per annum. 
Professional Qualifications 
(a) Must be in possession of a University degree in Mechanical Engineering or equivalent professional qualifications. 
for (b) Must have served a recognised apprenticeship in a mechanical engineering workshop or factory, preferably in connection 
with large scale repairs to motor transport and heavy earthmoving plant. 
(c) Must have had considerable experience in an executive capacity as a prof lly qualified mechanical engineer, especially 
P R O F E S S | (@) N A a in connection with che repair of heavy transport and earthmoving and construction plant. 
(d) Must have a sound knowledge of Metallurgy as applied to the Automobile and Tractor Industry. 
(e) Must possess a sound knowledge and practical experience of modern methods of workshop control and management, 
M E e H A N c A L time study, operational analysis, modern production methods and stores organisation and control. 
| (f) Drawing Office experience in connection with the repair or facture of biles or earthmoving plant an advantage. 


Senior Professional Officers—Grade 1V—2 Posts. £1,530 « £48 to £1,722 per annum. 
E N G | N E E R S an d Re oy me Qualifications 
(a) As for S.P.O. Ill 
(b) As for S.P.O. iN. 
TECHN ICAL OFFICERS (c) Must have had not less than five years experience in an executive capacity as a prof ily lified Mechanical Engineer, 
preferably with a firm engaged in large scale repairs of motor transport or earchmoving and construction equipment. 
(d) Must possess a sound knowledge and practical experience of Workshop organisation, management and control, also 
modern production methods and stores organisation and control. 
exist in the (e) Drawing Office experience in connection with the repair or fi 


Junior Professional Officer—1 Post. £624 £90 to £804 £45to £1,074 £120 to £1,194 = £48 
CENTRAL MECHANICAL to £1,482 per annum, actual starting point depending on qualifications and experience. 


Professional Qualifications 
EQUIPMENT DEPARTMENT, (a) Must be in possession of a University Degree in Mechanical Engineering or equivalent professional qualifications. 
(b) Subsequent practical experience on the repair of motor transport and earthmoving equip anad rf 


SOUTHERN RHODESIA (c) Drawing Office experience (Mechanical) an advantage. 
GOVERNMENT Technical Officers—Grade I—2 Posts. £1,194 « £48 to £1,482 per annum. 


Qualifications 

(a) Must have served a a apprenticeship in a mechanical engineering workshop or factory engaged on large scale 
repairs or f les or earthmoving plant. 

(b) Must have had Browiag Office experience on automobile or earthmoving plant design. 

(c) Must have had experience of production progress, motion study work simplification methods, job and operation analysis, 


ture of biles or earthmoving plant an advantage. 


Generous leave conditions, low taxation, good climate. Application forms and further details from the Secretary, Rhodesia House, 
429 Strand, London, W.C.2. Completed forms to be returned by October 31st. 


Has it escaped your notice? 


BROADWAY CHAMBERS, LONDON, W.6 tri] 

Telephone : Riverside 4141 G E E Cc al E 

Telegrams : Coborn, Telex, London SONS AND COMPANY LIMITED 


And at 600 Commercial Road, E.14 - Bidder Street, Experts in Scrap since 1834 


Canning Town, E.16 - Bath - Belfast - Birmingham - Hebburn-on-Tyne - Leeds - Luton - Manchester « Morriston, Swansea - 
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* The fine finish obtained with Sulfloid straight cutting 
oil permits a minimum of stock to be left on the 
gear for subsequent grinding operations.” 

Say Messrs. Gear Grinding Co. Ltd. 


MACHINING TIMES 
AND COSTS 


Aconstant pinion shaft 


cut for Jaguar Cars on © 

a Maxicut 2A. 

Material: EN 39B - 85 tons tensile 
26 teeth - 10°86 DP. 
23° helix 


MBER 


11A ALBEMARLE STREET, LONDON. 
Works: LONDON (Phone: EAST 1788) 


MATERIALLY REDUCES 


Photograph by 
courtesy of The 
Gear Grinding 
Co. Ltd. Shirley, 
B'ham. 


CHEMICAL CO. LTD. 


WOLVERHAMPTON (Phone: 22591) 


MAYFAIR 6161/2/3 
BATLEY, YORKS (Phone: BATLEY 1271) 


INDEX TO MANUFACTURERS’ ANNOUNCEMENTS 


Accles & Pollock Ltd. 120 
AC-Delco Division of General 

Motors, Ltd. 26 

Acheson Colloids, I ad. 24 


Adamant Engineering Co., | td. 87 
Adams Bros., & Burnley, Lid. 150 


Aerialite, Ltd. 134 
Bronze Co. » Red. 152 
Amal, Lid 
Amber Chemical Co., L td., The 156 
Anderton Springs, Lid. .. 146 
Andre Rubber Co., Ltd. . 93 
Angus, George, & Co., Lid. .. 45 
Anti-Friction Bearing Co., Ltd., 

Archdale, James & Co., Ltd... 105 
“Autocar” 
Automotive Products Co., 

.. 9, 10, 11,12 

Barber & Colman, Ltd. .. .. 134 
Beans Industries, Ltd... .. 144 
Benton & Stone, Ltd. . . .. 218 
Birlec, Ltd. 75, 102 
Birmetals, Ltd. 73 
Birn Alumini Casting 

(1903) C o., Lad. Cover iv 
Booth, J. & Co., Ltd. 57 
Bound Brook Bearings (G. B.). 
Bowden (En ineers), Ltd. 
Briscoe, W. & Co., Lid. . 147 


British Driver-Harris Co. » ki td. 146 
British Electrical Development 
Association .. 84 


Consolidated Pneumatic Tool 

Co., Ltd. 36 
Coopers Mechanical Joints, Ltd. 7 
Cooper & Co. 


Lid. 
Copper & Asbestos Washer Co. 
Ad. 43 
Council of Ironfoundry Associa- 
tions, The Cover iii 
Cc Motor Fittings Co. 


55 
Cow, P. B. & Co., Ltd. 
srofts (Engineers), Lid 
.T.D. (Birmingham .. 
Daic, John, Ltd. s 
Darwins, Ltd. . 104 
Desoutter Bros., Ltd oa 51 
Dobbie, McInnes, Lid 
Dover Limited .. 100 
Dowty Seals, Ltd 68 
Dunford & Elliott Sheffield), 
Ltd, 140 
Dunlop Rubber Ltd. os 39 
Edwards, F. J., Lt 154 
English Steel Ltd. 
Cover ii 
Enthoven Solders, Lid 
Feeny & Johnson, Ltd 
Feltham, Walter H., & Sons, 
Fenner, J. H. & Co., Ltd. .. 126 
Ferodo, Ltd. 78, 79 


Firth Brown Tools, Ltd. 
Fletcher, Miller, Ltd. . 126 
Flexello Castors & Wheels, Ltd. 130 


Holroyd, John & Co., Ltd... 69 
Humphreys, J. H. & Sons .. 106 
Hurlock, Wm. Jnr., Ltd. oo 
L.C.1. (Marston td.) . 151 
I.C.1. (Metals), Ltd. . 38 
Intalok, Ltd. 114 
International Twist Drill Co., 
Ltd., The 
Iso- Speedic Co., a I Ad., ‘The 35 
Jackson, H., Ltd. 33 
J.B. Machine Tool Co., P ‘Ltd. 122 
Jenks, A. E. & Cattell, Ltd. .. 140 
Jenks Bros., Ltd. .. 144 
Jenolite, Ltd. .. . 


Jessop, William, & Sons, Ltd. 83 

Johansson, C. E., Ltd. oe 70 

Johnson & Johnson (Great 
Britain), Ltd. 


Kendall & Gent, Ltd... 98 
Kirkstall ee Eng., Ltd. 99, 140 
Klinger, R., Lt 85 

Lathom E Co., Ltd... 150 
Laycock Engineering Co., Ltd. 56 
Lee, Arthur, & Sons, Ltd. .. 60 
Lewis Sours Co., Ltd., The .. 120 


Ley’s Malleable Castings, Ltd. 77 
Linread, Ltd. . 123 
Bronze & Brass Co 0.5 


54 
Marbaix, Gaston E. , Ltd. 58, 59 
Marshall, C. & C. as td. 122 


Mavitta Draiting Machines, Ltd. 120 
M.C.L. and yt Ltd.. 154 
Meddings, W. J., 


Redfern’s Rubber Works, Ltd. 133 
Renold Coventry Chain Co., 


Ltd., The : 52 
R.T.S.C. Home Sales, 14 
Rubber Bonders, Ltd. ° 72 


Rubery, Owen & Co., fed, 82 
Rushton, E., Son & Kenyon... 143 


Salter, Geo. & Co., Ltd. .. ™ 127 
Sankey, Joseph & Sons, Ltd. 109 
S. & D. Rivet Co. 142 


Selson Machine Tool Co., Ltd. 6 
Drill & Steel 


, Ltd., The 
Shell. Mex &. B. Ltd. 4 
Shotton Bros., Ltd. -. 116 
Silentbloc, Ltd. 67 


Simmonds Aerocessories, Ltd. 81 
Simms Motor Units, Ltd. 

Skefko Ball Bearing Co., L td.. 96 
Slick Brands, Ltd. ; 112 
Smethwick Drop F. orgings, Ltd. 66 
Smiths Ltd 43 
Smith, Sons, Ltd. .. 126 
Solex (Gauges), Ltd. .. 23 
Southern Rhodesia Government 155 
South Wales Forgemasters, Ltd. 106 


Spencer, H. F. & Co. Ltd. ; 21 
Spencer, Walter & C 0., Ltd. 147 
Sterling Metals, Ltd. .. ; 92 
Tecalemit, Ltd. 49 
Terry, Herbert & Sons, Ltd. 88 


T.L. Aluminium, Ltd. . 4 
Tilghman’s Patent Sand Blasting 

Co., Ltd. 8 
T oledo Woodhead Springs, L td. 28 
Tube Products, Ltd. 32 


British Oxygen Co., 1 ‘td., The 133 Follsain Wycliffe Foundries, Ltd. 131 Hi 
British Timken, Ltd. . Cover i Fortis Tool, Ltd 154 Engineering, Tucker, Byelet Co. 
Brown, David, & Sons (Hudders- Fox. Samuel & Co., Ltd. a Metropolitan-Vickers Electrical Ltd. . : 136 
field), Ltd. Fuller Gear Boxes 41 104 Udal, J. P., Ltd. 100 
B.S.A. Tools, Ltd. eo Fuller, Horsey, Sons & Cassell 149 Midland Mechanical Develop- Unbrako Socket Screw Co., * 
Burgess Products Co., Ltd. |: 136 Funditor, Ltd. . 108 ments, Ltd. 76 Ltd. 34 
Burton Griffiths & Co., Ltd... 48 Garringtons, Ltd... Midland) Motor ‘Cylinder Co., United Steel Companies, Ltd. 80 
et Felt 0. Gas Council, The Ltd., The 53 Vandervell Products, Ltd. 119 
Bushing Co., The oo of General Electric Co., Ltd., The Mills, William, Ltd. 153 Vaughan, A. J. & Co. (Mitre 
‘Lid. Th 1,107 Mond Nickel C Ltd.y The.. 103 Works), Ltd. 132 
Carpet Trades, Ltd. Glacier Metal Co., Ltd., The.) 113 Moneettome View 
Carr ad. G.M. Engineering (Ottery, St. Moss Gear Co., Ltd. |. 429 Vokes, Led, 
Cassel Cyanide.. Graham, H. G., & Son, Ltd. 131 Néill, James & Co, (Sheffield), Ltd. 86 Walker, M. W., & Staff, Ltd. 46 
C.A.V td. 47 Griffiths, Gilbart, Lioyd & Co. Newall, A. P. & Co., Ltd... 101 Ward, H. Ww. & Co., Ltd. ** 98 
& Willows "150 td. 137 & Co., Ltd. .. Thomas Ltd. 15, 145 
a itralloy, Lt Jearing, George, Ltd. 152 
& Co., Ltd. Groves, Samuel & » Ltd... 138 Northern Aluminium Co., Ltd. 44 “Welding & Metal Fabrication” 129 
Clancey, G., 4 yuyson Industrial E juipment, North A Ss - 
Clayton Crane & Hoist Co., Ltd. orthern Automatic Screw Co., Wellworthy Piston ~ Ltd. 42 
Lid., The 139 Habershon, f 2. & Sons, Ltd. |; 74 Osb ge = KC L 4 oe . Whyte & Collins, Ltd.. 134 
Clayton Dewandre Co. Ltd. 91 Hardy Spicer & Co., Ltd. 125 Wickman, Ltd. 1, 3, 89 
d Petroleum Co., Ltd. 13 P.B. Chemical Co., Ltd... Wiggin, Henry 
Clevelan Harper, J. & , Ltd 17 Wi & 
Clifford, Chas., Ltd. Harrison Bros. (Plastics), Ltd. 148 Perry Barr Metal Co., Ltd... 137 Wild J. J, L 112 
Climax Molybdenum Co. of Herbert, Alfred, Ltd... 19 ey Co., Barfield E iectric 
Europe, Ltd. is 31 Hermetic Rubber Co., Ltd. .. 136 astics Progress a : . 
Cohen, Geo., Son & Co., Ltd. 155 Hey Engineering Co., Ltd. .. 149 Pollock & Peel, Ltd... -. M4 Wilmot Breeden, Ltd. . +» 94 
Cole, E. K., Ltd. 118 Co., Ransome & Marles Co., Yarwood, Ingram & Co., Ltd. 
Collier & € ‘ollier, Ltd. -- 132 Ltd., Ltd. sa 90 Zinc Alloy Die Casters Assn. .. 122 
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GREY and MALLEABLE 


* ASSIST DESIGN 


* REDUCE COSTS 
AID SALES 


SALL 
A Use, 


ISSUED BY THE COUNCIL OF IRONFOUNDRY ASSOCIATIONS 
CRUSADER HOUSE, 14 PALL MALL, LONDON, S.W.! 
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SPECIALISED ATTENTION 


Dear Sirs, 
For the past ten years we have obtained the castings for our Puch of cor coleman’ setts ts 
Mark 16 metal spraying pistols from you. The vital close- the result, we believe, of the specialised 


attention given by every department 


grained structure with freedom from porosity are essentials 
throughout every stage of production. 


to our product, and are the basis of a precision tool. The In addition, Birmal offer you a Design 
high standard of finish which we are able to obtain has been Consulting Service, unbiassed assist- 
ance in selecting alloy and casting 
a process, and a wide choice of specifi- 
parts of the world. cation. All of which extra facilities 

METALLISATION LIMITED are part of the Birmal Service. 


extremely satisfactory to ourselves and our customers in all 
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__ BIRMINGHAM ALUMINIUM CASTING (1903) CO. LTD. BIRMID WORKS - SMETHWICK - BIRMINGHAM 40 
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